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| URING the last two decades medical investigators have given renewed 

attention to the subject of nephritis, particularly in respect to its etiology 
and classification. However, one very important type of this disease, viz., 
focal embolic glomerulonephritis, has received but little attention. This 
neglect is probably due to the fact that these cases are relatively rare, are 
not always carefully studied and even then are not recognized as a distinct 
pathologie entity but are classed as examples of diffuse glomerulonephritis. 

Focal embolic glomerulonephritis was first described by Loéhlein’ in 1910, 
when he reported eight cases and discussed the condition in detail. It was again 
mentioned briefly by Aschoff? who described this special type of kidney lesion 
associated with ‘‘uleerative’’ endocarditis. Volhard and Fahr* included the 
subject in their monograph, accompanying their description by microphoto- 
graphs. But it was not until the classical treatise of Baehr* appeared in 
1912, with a study of 34 cases, that this type of kidney lesion was accorded a 













secure and definite place. 
The lesion, which is usually prominent and easily recognized by the 


rained, careful observer, consists of an involvement of some loops of some 
of the glomerular tufts while the remaining loops and glomeruli remain en- 
tirely normal. A rather characteristic feature is that various stages of the 
lesion appear in neighboring glomeruli or even adjoining loops of the same 
elomerulus. Therefore it presents a sharp contrast to the usual glomerulo- 
nephritis where practically all the glomeruli present throughout the tuft the 









same stage of the same lesion. 
The first change in a glomerular loop is a swelling of the endothelial 






*Read before the American Association of Pathologists and Bacteriologists, Cleveland, March 
1921. 
Received for publication, August 22, 1921. 
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cells which gradually lose their cell boundaries and show either pyknosis or 
disappearance of their nuclei and a final fusion into a granular and later a 
hyaline mass. Special stains will frequently demonstrate in this stage a small 
amount of fibrin. Then occurs almost simultaneously a proliferation of the 
neighboring cells, particularly of the adjoining part of Bowman’s capsule, 
which finally becomes attached to the affected loop. This sclerosed and fused 
loop and adjoining capsular surface frequently gives to the glomerulus th: 
‘‘half-moon’’ appearance mentioned by German observers. Frequently one 
area of the tuft may be entirely sclerosed while another loop shows the early 
degeneration of the endothelial cells and yet another is unaffected. Lohlein 
feels that the process may spread from one loop to another but Baehr main- 
tains that each loop must be separately affected either at the same or at 
different times. Entirely sclerosed glomeruli are often seen, representing a 
finished or healed process. 

The condition of the tubules and interstitial tissue depends upon the 
extent of the glomerular involvement. If a glomerulus is almost or entirely 
selerosed, the corresponding tubules will undergo atrophy and connective 
tissue replacement with some lymphocytic infiltration. Other tubules will 
show marked dilatation. One very constant feature in this condition, however, 
is the persistent presence in the tubules of red blood cells which have been 
traced by Baehr to the affected glomerulus. The number of glomeruli affected 


varies from 2 per. cent to 75 per cent. In a few eases search through several 


blocks of tissue is necessary to demonstrate the lesions. 

The theories of etiology all center about the presence of the Streptococcus 
viridans in the circulating blood. Since this organism presents a dry tenacious 
mass of bacteria upon growth, Baehr feels that the lesions are produced by 
the small masses of bacteria occluding the lumen of a glomerular loop. The 
proof of this theory lies in the staining of the bacteria in situ in the glomerulus, 
a procedure not easily accomplisbed. Léhlein found bacteria in one afferent 
vessel of a glomerulus but was unable to show them in the tuft itself. In 
Baehr’s large series no bacteria were found in tissues with formalin fixation 
but in 5 specimens fixed in aleohol bacteria were demonstrated. In my series 
all efforts in that direction were unsuccessful. 

The offending streptococcus in these cases is usually the one about whose 
accurate classification there is much confusion and discussion, i.e., the Strep- 
tococcus viridans or “‘green-producing (on blood agar) streptococeus’’; also 
known as the Streptococcus mitis, or ‘‘endocarditis coceus,’’ so frequently as- 
sociated with a chronic or subacute endocarditis. Léhlein demonstrated it in 
3 of his 8 eases while the other 5 yielded a streptococcus which was not classi- 
fied upon blood media. Baehr found it in 25 of his 34 eases in either the blood 
stream, vegetations upon the heart valve or both. Two other cases of ‘‘chronic’ 
or ‘‘subacute endoearditis’’ yielded a pure blood culture of B. influenze and the 
Gonococcus respectively. The kidneys failed to show characteristic lesions. Also 
none of these lesions were found in the kidneys in 54 eases of acute endoear- 
ditis, about half of which were proved by blood cultures or by cultural or 
microscopical examinations of the vegetations to be of bacterial origin. 
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The lesion, other than that described in the kidney, usually associated 
with this bacteremia is an endocarditis. Loéhlein, Aschoff, and Volhard and 
Fahr deseribed an ulcerative endocarditis with partial destruction of the 
mitral and frequently the aortie valve leaflets but Baehr finds what he following 
Libman designates as a ‘‘subacute bacterial endocarditis.’’ Such a condition 
is described by Libman,* and is so named in preference to the older terms 
‘‘“chronie,’’ ‘‘uleerative,’’ or ‘‘malignant’’ or ‘‘infectious’’ endocarditis. He 
finds in this condition the mitral valve usually involved with a tendency for 
the vegetations to spread up on the left posterior wall of the auricle and 
chord tendinew rather than the valve Jeaflet itself. The aortic valve is also fre- 
quently affected but here the lesions are more variable and with more tendency 
to uleeration than the mitral. The vegetations are of a yellowish, greenish, 
pinkish or reddish color, vary in size and, as they grow older, are firmer and 
more grayish. 

Libman also considers that these cardiac lesions may proceed to a healing 
or to a ‘‘bacteria-free’’ stage, particularly if for some reason the bacterial 
stage is very short, due to low virulence of the organism or high resistance 
of the host. In such eases the kidneys present the typical lesions but they 
are all in the healed stage. However, in spite of the fact that the vegetations 
and kidney lesions are healed, the case usually shows no clinical improvement 
and goes on to a fatal termination. 

The only other lesions mentioned as being associated with subacute bac- 
terial endocarditis and focal embolic glomerulonephritis are constant enlarge- 
ment of the spleen and frequent infarction of the spleen, kidneys and brain. 
And the only constant clinical finding outside of the symptoms of endocarditis 
is the presence of persistent microscopic blood in the urine in addition to 
albumin and easts. 

In the autopsy records of the Department of Pathology at the University 
of Minnesota during the past 5 years, 10 cases of focal embolic glomerulo- 
nephritis were found during the routine examination of microscopic sections 
of all organs. Doubtless prolonged and detailed search might have revealed 
others in which fewer glomeruli were involved. But it is of interest to note 
that 10 attracted attention in a routine examination and therefore are suffi- 
ciently typical to warrant study. 

In our series there were 9 males and 1 female. The ages varied from 
IS to 61 years, with an average of 38 years. In all 10 eases the heart was 
enlarged from 365 grams (in a small female) to 860 grams with an average 
of 515 grams. The mitral valve was involved alone 5 times; the mitral and 
aortic together 4 times, while the aortic alone was involved but onee. The 
lesion eonsisted of vegetations which were sometimes accompanied by ulcera- 
tions of the valve leaflets. In 5 eases (50 per cent) vegetations and ulecera- 
tions oeeurred together but in the other 5 vegetations occurred alone, thus 
disproving the older idea that the endocarditis associated with foeal embolic 
type. The vegetations 


be) 


clomerulonephritis was usually of the ‘‘uleerative 
varied markedly in appearance and position upon the endocardium. The 
majority were fresh and friable while some were more firm and showed 
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beginning calcification in certain areas. In some instances the vegetations 
were very numerous and extended over the auricular wall as described by 
Libman. In one ease, for example, the auricular wall alone was extensively 
involved while the valve leaflets remained free. But in other cases the 
vegetations were small and discrete and situated on the edges of the leaflets. 
One heart showed only 2 small vegetations on the mitral and one large one 
on the aortic. In another, yellowish white vegetations associated with eal- 
careous nodules were found on the mitral only. 

There was as much variability in the extent and position of the ulcerations 
which occurred on either valve or both. The ulcerated area was frequently 
very small and situated either on the edge or in the center of the leaflet. On 
the other hand in one instance both the mitral and aortic valves were entirely 
destroyed except for ragged tags attached to the endocardium. Considering 
the great variability in the appearance of these hearts one is justified in the 
assumption that there is no one definite cardiac lesion, or type of heart, 
associated with focal embolie glomerulonephritis, but rather that any of these 
types of endocarditis may be associated with the specific form of bacterium 
that causes the kidney lesions. As a further substantiation of such a con- 
clusion, Fahr® in a recent paper describes in a case of septicemia and menin- 
gitis (streptococcic and meningococcic) typical glomerular lesions but xo 


endocarditis. 
As these autopsies were performed by various members of the staff, both 
past and present, in various places and upon bodies often embalmed, often 


partly decomposed, there is necessarily a lack of uniformity in the bacterio- 
logic studies. In only 5 of the 10 were blood cultures taken either just before 
or just after death and in each of these 5 a streptococcus was obtained. In 
4 of the 5 it proved to be the Streptococcus viridans but in one of these there 
was also present the Streptococcus pyogenes. In the fifth case, however, one 
showing the classical ulceration and vegetations of the mitral valves and present- 
ing most typical lesions, Streptococcus hemolyticus was obtained from the blood 
stream, showing that streptococci other than the viridans may be responsible 
for focal embolie glomerulonephritis. 

All observers apparently agree that a streptococcus is most commonly associ- 
ated with these kidney lesions but in many instances the type was not determined. 
Lohlein, although usually finding a streptococcus, expresses the opinion that other 
organisms might be responsible for the lesions. Baehr, however, found the 
Streptococcus viridans or ‘‘endocarditis coceus’’ in 25 of 34 eases (66 per cent). 
On the other hand, two similar cases of subacute bacterial endocarditis, yielding 
from the blood stream B. influenze and a Gonococcus respectively, failed to 
show the kidney lesions. The one ease in our series proves rather conclusively 
that the ‘‘hemolytic’’ as well as the ‘‘viridans”’ type of streptococcus may 
produce similar changes in the kidney, just as it is becoming more generally 
recognized that changes in other organs are not always diagnostie of any 
special type of invading parasite. 

Many infections in other parts of the body show very dissimilar lesions 
saused by the same organism affected by the ever different ratio existing 
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between the virulence of the bacterium and the resistance of the host. Theo- 
retically, it is possible that these lesions, showing largely a degeneration and 
only slight signs of exudative inflammation, may be caused by any organism 
of low grade virulence irrespective of type. Because the Streptococcus viri- 
dans is usually of low grade virulence it is perhaps the most common offender, 
but other organisms, as the hemolyticus, may, under auspicious conditions as to 
virulence and resistance, produce the same lesions. The fact that Baehr and Lib- 
man failed to find typical kidney lesions with endocarditis due to other organ- 
isms does not disprove the fact that these same organisms may, if properly 
attenuated, occasionally resemble the Streptococcus viridans in their effect on 
the kidneys. 

In all the cases of this series where a history was available, the urine 
showed albumin, hyaline and granular casts, occasional leucocytes and per- 
sistent red blood cells, but in no case was gross blood present—a point of 
differentiation from cases of acute hemorrhagic nephritis. In 5 of the 10 cases 
a funetional (phenolsulphonephthalein) test was done and it varied from 
a trace to 39 per cent (trace, 5 per cent, 25 per cent, 34 per cent and 39 per 
cent, respectively). When one considers the wide variability of the lesions 
and that very many or only a few of the glomeruli may be partly or completely 
destroyed, it is easy to understand that not only will the function vary widely 
in different cases but that occasionally it may closely approximate the normal. 

In all 10 cases the spleen was enlarged, varying from 220 to 650 grams, 
with an average of 416 grams. This splenic enlargement has also been noted 
by other observers. Chronic passive congestion does not wholly account for 
the splenic enlargement which, together with the persistent, otherwise un- 
explained presence of red blood cells in the urine, may prove to be points of 
value in making a clinical diagnosis. Emphasis should be laid on the im- 
portance of careful bacteriologie studies in these as well as other types of 
infectious lesions. Blood eultures during life with the finding of Streptococcus 
viridans may prove of distinct diagnostic significance while, at the postmortem 
examination, careful cultures of blood, valvular thrombi and even kidney may 
give valuable information. 

In our series there were also 5 cases showing multiple infarcts of the 
spleen, kidneys and often brain. This confirms the already mentioned theory 
that these lesions are the result of simple tiny emboli lodging in the loops 
of the glomeruli. The proliferation of cells and fibrinous exudate indicate 
an inflammatory process dependent upon the presence of bacteria. Fahr sug- 
gests that the process may be first a simple infarction with secondary pro- 
liferation as the result of the death of tissue, bacteria not necessarily being 


present. Our most rational conclusion would be that these tiny emboli, 
whether they contain living or dead bacteria, produce lesions which are largely 
obstructive in effect, althougb in practically every case some toxic element, 
either present in the embolus or formed by bacteria multiplying after it 
lodges, must be assumed to account for the evident inflammatory phenomena. 
At any rate, bacterial proliferation is not a prominent feature, as special 
staining methods often fail completely to demonstrate their presence. 
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> to form rather 


Because of the tendency of the ‘‘endoecarditis coceus’ 
dry tenacious clumps and because he has succeeded in staining them in sifu, 


Baehr feels that the embolus consists entirely of bacteria. However, it is 
more reasonable to believe, as does Fahr, that some emboli are largely aseptic 
while others may be largely composed of bacteria. In his case, already men- 
tioned, where there was no heart lesion but an overwhelming infection with 
streptococci and meningococci, there might be masses of bacteria plugging 
up the glomerular tufts while the resistance of the tissue was too low to 
produce the ordinary reaction of abscess formation or of acute glomerulo- 
nephritis. The many stages encountered frequently in the same kidney lesions 
or even the same glomerular lesions are accounted for by the fact that these 
tiny emboli are continually fed into the blood and may continue to produce 
new lesions. Oeceasionally the vegetations upon the heart valves may heal 
or become calcified, thus preventing the production of further emboli and 
consequently preventing the formation of new lesions. The result in the 
kidney is the final presence of healed lesions only, a condition observed by 
Baehr and Libman. 

In a very recent publication Baehr has noted in a study of 77 cases of 
focal embolie glomerulonephritis that 9 were complicated by an acute 
glomerulonephritis and 2 by a chronic diffuse nephritis, evidently super- 
imposed upon the embolic type. He suggests that the embolic process may 
lower the resistance of the kidney, particularly the glomeruli, making them 
easy prey to the subsequent acute infection. At the same time in such eases 
the symptoms of endocarditis were obscured by anasareca, edema, etc. 

This study, as well as those which have been quoted, shows that this 
subject is as yet unfinished and further investigations are needed to solve all 
the questions involved. In this as well as many other as yet unsolved prob- 
iems in the science of medicine the hope of a satisfactory explanation lies 
not only in the valuable fund of knowledge obtained over the autopsy table 
but in its correlation with the clinical findings and closer cooperation between 


pathologist and clinician. 
SUMMARY 


1. Focal embolic glomerulonephritis is a definite clinical and pathologie 
entity. 

2. It is usually associated with an endocarditis which, however, has no 
characteristic appearance and it is even possible to have the kidney lesion 
without any endocarditis being present. 

3. It is usually caused by a Streptococcus viridans but may be produced 
as well by the Streptococcus hemolyticus. 

4. The lesions in the kidney probably depend for their character upon a 
hacterium of low grade virulence rather than upon any definite type of or- 
ganism. The Streptococcus viridans, being naturally of low grade virulence, 
is the most common offender. 


5. It is possible that lesions may be formed as the result of a mechanical 
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elosure or infaretion of the glomerular loop and not be dependent upon the 
presence of living bacteria. 

6. The only positive clinical findings are the enlarged spleen and per- 
sistenece of microscopic blood in the urine, associated with subacute bacterial 


endocarditis. 
7. The phenolsulphonephthalein test results vary widely with the number 
and part of the glomeruli affected, at times giving only a trace, at others 


closely approximating normal. 
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THE ROLE OF HEXAMETHYLENAMINA IN THE PRODUCTION OF 
HEMATURIA* 


By W. A. BLoreporn, A.M., M.D., Lr. Compr. (MC) U. 8S. Navy, 
CureF OF Mepicat Service, AND J. E. Houeuton, M.D., 
LIEUTENANT, (MC) U. 8S. Navy 


URING the epidemic of influenza which occurred at the Naval Academy 

in the winter of 1920-21, and towards the close of this epidemic, there 
were admitted to the hospital four cases of hematuria of sudden onset and 
These patients entered the hospital at intervals of a few 


uncertain etiology. 
days and the sudden occurrence of the hematuria and close association of the 


patients suggested a common etiologic factor. 

Upon investigation it was found that they had all been ill for several days 
before admission to hospital with a mild type of influenza and had all received, 
in addition to other medication, a solution of Mistura Glyeyrrhize Composita 
and hexamethylenamina. The average dose of hexamethylenamina in this 
solution was 10 grains and was administered three times a day in one of the 
eases and four times a day in three of the cases. <A fifth case was also found 
which was not admitted to the hospital but whose case was investigated and 
whose history showed that she had been receiving this same solution three 
times a day. This case, occurring outside the Naval Reservation, and having 
received the same medication as the four cases admitted to hospital, suggested 
the medication as the common etiologic factor. A careful examination, 
together with a close survey of the history in these cases, tended to rule out 
an infectious agent as the cause of the hematuria, and indicated that the 
hexamethylenamina which all of these patients had received, was the direct 


sause. The clinical course of the eases and subsequent findings confirmed this 


opinion. 
It appears during the influenza epidemic that one of the routine medica- 
tions dispensed to the milder cases of influenza which were not admitted to 
hospital was a solution of Glyeyrrhize Composita and hexamethylenamina. 
This solution contained ten grains of hexamethylenamina to the dram and was 
dispensed, as a rule, in dram doses three or four times a day. There were 
approximately four hundred cases treated with this solution. The usual period 
of treatment varied from one to five days and the average was two days. Of 
this number treated, there developed five frank cases of hematuria, four of 
which were admitted to hospital. 

While it has been known for many years that the administration of hex- 
amethylenamina may be followed in some cases by hematuria, little hesitancy, 


as a rule, is observed in administering this drug. The reason is probably the 


*From the U. S. Naval Hospital, Annapolis, Maryland. 
Received for publication, August 27, 1921. 
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fact that this untoward effect of hexamethylenamina is so infrequently noted. 
However, when this condition is produced the discomfort and inconvenience 
suffered by the patient are quite marked and are certainly worth avoiding if 


possible. 

This drug was introduced in 1895 by Bordet and has rapidly come into 
universal use as a urinary antiseptic. It is very rapidly absorbed and may be 
found in the urine very shortly after administration. When the urine is 
strongly alkaline it sometimes fails to act. 

Bastedo, in discussing the untoward effects of this drug, states ‘‘In acid 
urine it sometimes so increases the acidity as to make the urine irritating, or 
sets free enough formaldehyde to do this; and marked vesical pain, frequent 
burning micturition, bloody urine and defoliation of the bladder mucous mem- 
brane have been reported.’’ 

Richardson showed that in the presence of existing nephritis, there was no 
increase in albumin and easts following the administration of hexamethyl- 
enamina. 

Coleman, in 1903, reported untoward sequele consisting of irritation of 
the stomach, diarrhea, and abdominal pain; irritation of kidneys and bladder, 
with hematuria and hemoglobinuria; headache, ringing in ears and a rash like 
that of measles. 

Crow reports that of 95 cases receiving an average dose of 75 grains a 
day, seven developed painful micturition and hematuria. He also noted in 
some eases skin lesions, acute ecatarrh of mucous membranes and gastric irri- 
tation. 

Frothingham, in 1909, reported that very large doses could be given to 
guinea pigs without toxicity, although the stomachs were prone to become 
ulcerated and to bleed. Our experiments with guinea pigs have yielded dif- 
ferent results from his reports. 

surnam states that a 50 per cent solution of the drug is not irritant. 

Cushny, in discussing the action of hexamethylenamina states, ‘‘ No symp- 
toms arise from ordinary doses of urotropine, but large quantities have ocea- 
sionally given rise to pain and discomfort in the bladder, and more rarely to 
hematuria; the irritant here is not the urotropine itself but the formaldehyde 
liberated by it.’’ 

Brown reports two eases of vesical hematuria from 10 grains three times 
a day for eight days. 

Morton noted burning in the urethra and frequent micturition from 24 
grains a day. 

Biss, in 311 typhoid eases, noted irritation and slight hematuria twice. 

general opinion seems to be that the blood comes from the bladder and 

from the kidneys. 

The following five cases of hematuria, following the administration of 
hexamethylenamina, are reported. The time elapsing between beginning the 
administration of the drug and the appearance of hematuria varied in these 
cases from one to seven days. The earliest case developed after the second 
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dose of 10 grains and the latest case developed on the seventh day following 
the administration of hexamethylenamina in 10 grain doses four times a day. 


Case I.—Age nineteen, white, male, unmarried. Complaint.—Frequent, painful urina- 
tion of bloody urine. Family History.—-Negative. Personal History—Mumps and measles 


in childhood. Health has been excellent up to present illness. Patient has always been a 
resident of Marvland. Visited Panama and Hawaii in the summer of 1920. 

Present Iilness—Three days prior to admission to hospital patient complained of 
cough and general malaise and received treatment consisting of a mixture of hexamethiyl- 
enamina and Mistura Glyeyrrhize Composita. He received a total of ten grains of hexameth. 
vlenamina four times a day. On the fourth day of this treatment he noticed a frequent 


lesire to urinate, the urine appearing reddish in color, and there was a burning sensation 


more marked at the end of urination. There was no nausea or vomiting and patient felt 
well in all respects other than the discomfort referable to bladder. 

Phusica! Examination.—Upon admission to hospital, temperature, pulse and respira- 
tion were normal. Patient was well nourished and muscular; mucous membranes and skin 
clear; no enlargement of spleen. Abdomen soft and no areas of tenderness. Pupils equal 

react to light and accommodation; tongue clean; tonsils and pharynx negative; teeth 
in good condition; heart and chest negative; bones and joints negative; reflexes both super- 
ficial and deep normal; eye grounds negative. Cystoscopic examination showed several 
hemorrhagic areas at base of bladder, particularly in the region of the left ureter. Thiese 
areas varied in size from 1/2 to 2 em. in diameter and were irregularly distributed over 
the bladder wall, appearing as bright reddish blotches. There was considerable tenesmus 
and irritation around the neck of the bladder. The vault and lateral surfaces of the bladder 
appeared normal. 

Laboratory Data.—Radiograph of chest negative. Sputum constantly negative for 
tubercle bacilli. Blood examination shows no abnormal findings. Noguchi test negative. 
The total quantity of urine for twenty-four hours was 1,050 ¢.c. It showed a heavy trace 
of albumin and an abundance of red blood cells. No casts were found. The total acidity 
vas SO and the p,, 5.2. The urine was negative for organisms and parasitic ova. 

Clinical Course.—Patient was afebrile during entire period in hospital. During the 
first three days following admission there was almost constant desire to urinate, patient 
getting up three or four times during the night. There was pain and a burning sensation 
around the neck of the bladder following urination. The urine passed was bloody but 
contained no elots. Red cells persisted microscopically in the urine for fourteen days and 
gradually became less, until on the eighteenth day there were no red cells demonstrable micro- 


scopically or chemically. 


Case II.—Age twenty-one, male, unmarried. Complaint——Frequent and painful urina- 
tion with bloody urine. Family History—Negative. Personal History—Measles and whoop- 
ing-cough in childhood. Mumps in 1918, no complications. Tonsillitis and influenza in 
fall of 191s, good recovery. Patient is a resident of South Carolina. 

Present Illness —Five days prior to admission to hospital patient had a cold and was 
confined to bed. During this time he was given a cough mixture consisting of hexameth- 
ylenamina and Mistura Glyecyrrhize Composita three times daily. He received ten grains 
of hexamethylenamina in this mixture at each dose. On the fifth day after taking this 
medicine patient noticed some pain and frequency of urination, the urine containing blood 
and mucus. There was no nausea or vomiting and no symptoms referable to abdomen 
except the bladder symptoms. 

Physical Examination.—Upon admission to hospital T. 100, P. 96, R. 20. Patient was 
well nourished and muscular. Skin and mucous membranes clear; lymph glands not enlarged 
and spleen not palpable. Abdomen soft and there were no areas of tenderness. Tonsils 
and posterior pharynx slightly congested; pupils equal and react to light and aecommoda- 
tion; teeth in excellent condition; heart and chest negative; bones and joints negative; 


reflexes normal; eye grounds negrtive. 
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ring Laboratory Data.—Radiograph of chest shows some thickening of primary and second- 
ary bronchi to the bases, characteristic of an old bronchitis; otherwise negative. Sputum 
constantly negative for tubercle bacilli; blood examination showed a moderate leukopenia. 
No abnormal cells or parasites found. Noguchi reaction negative. Total quantity of urine 
in twenty-four hours was 1,100 ¢.c., showing heavy traces of albumin and an abundance 
of red blood cells. No casts or parasites present. It was noted that the urine was highly 
d.4. Cystoscopic examination shows hemorrhagic 


lay. 


acid, total acidity being 78 and the Dy 
areas at base of bladder, varying in diameter from 1/2 to 3 em. These areas were bright 


red in color and irregularly distributed over the base of the bladder and in the region 


of tie ureters. The vault and lateral surfaces of the bladder were normal. 
ient Clinical Course—On the day following admission temperature, pulse and respiration 
tion were normal. The urine rapidly cleared. The patient noticed on the second day in the 


hos; ital that the first urine was clear and only a few drops of bloody mucus followed 
at the end of urination. Ten days after admission the urine was entirely free from red 
blood cells, both microscopically and by chemical tests. Daily tests of the urine showed 
skin 
jual Case IlI.—Age twenty-one, white, male, unmarried. Complaint——Frequent and pain- 
Family History.—Negative. Personal History.—Searlet fever, 


p,, values rarely exceeding 5.4. 


ful urination of bloody urine. 
les, mumps and diphtheria in childhood. Influenza in October, 1917, at which time 


me. 


patient was given hexamethylenamina in doses of 10 grains three times a day for ten days, 


hese following which he developed a hematuria which lasted three days. Acute arthritis in 
over March, 1920, duration two weeks, good recovery. Patient had not been outside the United 
mus States until 1920, when he visited the tropics on the battleship cruise. 


der Present Illness—One week prior to admission to hospital patient had an acute coryza 
and received treatment consisting of Mistura Glycyrrhize Composita and hexamethylenamina, 
10 vrains to each dose, which was administered four times a day for a period of seven 
lays. On the morning of the seventh day he complained of pain and a burning sensation 
on urination, and passed a few drops of blood at the end of urination. There was no 
abdominal tenderness nor symptoms referable to gastrointestinal tract. Patient complained 
of slight sore throat and general malaise. 

Physical Examination.—Upon admission to hospital T. 101, 

nourished and well developed museularly; skin and mucous membranes normal; spleen 


P, 88, R. 20. Patient 


not palpable. Abdomen soft and no areas of tenderness or tumor formation. Pupils equal 

and reaet to light and accommodation. Eye grounds negative; tongue clean and tonsils show 
rate hypertrophy ; teeth in excellent condition; heart and lungs negative: bones and 
ts negative; reflexes normal, 

Laboratory Data.—Radiograph of chest shows no parenchymal lesion of lungs and no 
evidence of tuberele. Sputum negative for tubercle bacilli and throat cultures negative for 
Klebs-Loeffler bacilli. Blood eultures negative and white and differential count showed no 
bnormality. Stools negative. The urine voided in twenty-four hours was 900 ¢.c., showing 
It was dark red in color and showed a heavy trace ot 


ul acidity of 78 and a p,, of 5.8. 
Urine negative for tuberele bacilli and 


in and an abundance of red blood cells. 
gative for acetone and diacetie acid. No parasitic ova or casts found. Cystoscopic 
nination was impossible as patient showed marked spasm and tenderness which pre- 
d the passage of the ecystoscope. 
Clinical Course-—On the day following admission temperature became normal 
ued normal until the eleventh day, when patient developed a mild attack of influenza 


and 


temperature rising to 102 and returning to normal after four days. On the first few 
days following admission the urine voided was well mixed with blood and contained a few 
small elots. There was tenesmus, a burning sensation and marked frequency of urination. 
On the third day the first urine passed was clear, blood being noticed only at the end of urina- 
with an oceasional small clot. The red cells rapidly disappeared, the urine beeommg 
and on the fifteenth day only a few erythrocytes were seen microscopically. On the 
ighteenth day the urine was entirely free from blood microscopically and chemically, and 


nt was discharged from the hospital on the twenty-fifth day entirely well. 
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or 


Case IV.—Age twenty, white, male, unmarried. Complaint.—Frequent, painful urina- 
tion of bloody urine. Family History.—Negative. Personal History—Mumps, measles and 
whooping-cough in childhood. Frequent attacks of tonsillitis over period of several years, 
Influenza in 1920; good recovery. No venereal history and no previous hematuria. Patient 
is a resident of Tennessee and has never lived in the tropics but visited Panama, the Philip- 
pine Islands and Cuba in 1920. 

Present Iliness.—Five days prior to admission to hospital patient was confined to his 
room with a mild attack of tonsillitis and during this period received, in addition to local 
treatment to throat, a medicine consisting of Mistura Glycyrrhize Composita and _hex- 
methylenamina four times a day. He received at each dose a total of 10 grains of hex- 
amethylenamina. On the third morning he noticed a frequent desire to urinate and the 
appearance of a few drops of bright red blood, together with a painful, burning sensation 
at end of urination. On the fourth day all urine passed was bloody and patient had much 
pain and discomfort. There were no gastrointestinal symptoms other than anorexia. 

Physical Examination—Upon admission to hospital T. 99.2, pulse and _ respiration 
normal. Patient was well nourished and muscular; skin and mucous membranes were elear; 
there was no enlargement of lymph glands or spleen; pupils were equal and reacted to light 
and accommodation; eye grounds negative; tongue clean; tonsils hypertrophied and showed 
a slight follicular exudate; teeth in good condition; heart and chest negative; bones and 
joints negative; reflexes, both superficial and deep, were normal. Cystoscopic examination 
showed numerous hemorrhagic areas at base of bladder and around both ureters. These 
areas were bright red in color with irregular outlines varying from 14 to 2 em. in diameter, 
The vault and lateral surface of the bladder appeared normal, 

Laboratory Data.—Radiograph of chest negative except for some thickening of the 
bronchi to the bases. Sputum negative for tubercle bacilli. Blood examination showed 
nothing abnormal; Noguchi test negative; throat cultures negative for Klebs-Loeffler bacilli 
but showed presence of streptococcus hemolyticus. The total amount of urine in twenty- 
four hours was 800 ¢.c. It was dark red in color with a heavy trace of albumin and an 
abundance of red blood cells. The total acidity was 68 and the p,, 5.5. 

Clinical Course.—Patient showed evening elevation of temperature for several days 
following admission, which could be attributed to his tonsillitis. The hematuria continued 
for three days with considerable pain and tenesmus upon urination, the urine being dark red 
in color but free from clots. The red cells gradually disappeared and on the twelfth day 
urine was entirely negative, both microscopically and chemically for blood, and the symp- 
toms referable to the bladder had subsided. Patient was discharged to surgical service for 
tonsillectomy before returning to duty. Following tonsillectomy he was returned to duty 


and has shown no subsequent signs or symptoms referable to urinary tract. 


Case V.—Age 51, white, female, married. Complaint.—Frequent, painful urination of 
bloody urine. Family History.—Negative. Personal History—Had usual diseases of child- 
hood. No serious illness except pneumonia in 1917, from which she made a good recovery. 
Has three children, all normal births, no complications. -atient is a resident of Maryland 
and has never been outside the United States, 

Present Iliness—While under treatment for acute bronchitis by her family physician 
she was placed upon a medicine containing Mistura Glyeyrrhize Composita and hexamethyl- 
enamina, Each dose of this mixture contained ten grains of hexamethylenamina, which was 
given three times a day. Following the second dose of the medicine patient noticed a fre- 
quent desire to urinate and severe pain in the region of the bladder. On the following 
morning, after four doses of the medicine, she noticed the urine was deeply colored with 
blood and the pain and tenesmus were more severe. 

Physical Examination.—Temperature, pulse and respiration were normal. Patient was 
well nourished and robust; skin and mucous membranes were clear; there was no enlarge- 
ment of the lymph glands or spleen; pupils were equal and reacted to light and accommoda- 
tion; tongue clean; tonsils and pharynx negative; teeth in good condition; heart negative. 


Chest showed a few rales in both bases, otherwise negative. Bones and joints negative; 
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reflexes, both superficial and deep, were normal, eye grounds negative. Cystoscopic examina- 
tion was not feasible in this case. Blood pressure 156-90. 

Laboratory Data.—Sputum negative for tubercle bacilli, Blood examination showed 
no abnormal findings; Noguchi test negative. The total quantity of urine in twenty-four 
hours was 960 ¢.c., and showed a heavy trace of albumin and numerous red blood cells. The 
total acidity was 78 and the p,, 5.4. The urine contained an occasional finely granular cast. 
No tubercle bacilli or parasitic ova were demonstrable. 

Clinical Course.—The hematuria, pain and tenesmus gradually subsided, and on the 
tenth day the urine was entirely negative except for the presence of an occasional granular 


cast which persisted up to time of discharge. 


In reviewing the history of these five cases an attempt was made to ascer- 
tain the factors or predisposing causes, if any such existed, which would lead 
to a hematuria. It is a well-known fact that hexamethylenamina, to be effec- 
tive as a urinary antiseptic, must have an acid medium in order that formalde- 
hyde may be liberated. The factor of urinary acidity appeared very sugges- 
tive, particularly as all of these eases had shown a rather high total acidity as 
well as a high hydrogen-ion concentration of the urine. The total acidity in 
these patients varied from 68 to 80 and the py varied from 5.8 to 5.2. 

In determining the acidity of the urine it is considered that an estimation 
of the hydrogen-ion concentration gives a better indication than the titration 


methods. 

Hawk, in discussing urinary acidity, states that the acidity of the urine as 
determined by titration is not a good measure of the true acidity, which is de- 
pendent upon the concentration of hydrogen ions. In estimating the hydrogen- 
ion concentration in these cases and in the experiments carried on, the method 
of Medalia was followed. This method is simple, easy of application and gave 
very satisfactory results. 

Hawk states that the normal value for the hydrogen-ion concentration of 
urine lies between 4.80 and 7.50 with a mean value of almost 6.00. 

Starting on the assumption that an acid urine is necessary for the libera- 
tion of formaldehyde, and that this is the irritant factor, an effort was made 
to determine whether or not a highly acid urine was the deciding factor in the 
production of the hematuria following the administration of hexamethyl- 
enamina. 

With this object in view four individuals were selected as controls, who 
showed a rather constant high acidity of urine. The urine was collected at 
three-hour intervals during the day, beginning at 7 a.M. and the hydrogen-ion 
concentration determined. On the third day hexamethylenamina was admin- 
istered to these controls in doses of one gram four times a day dissolved in 
Mistura Glyeyrrhize Composita. This was used as the solvent to ascertain, 
if possible. if it had any synergistie action in the production of a hematuria. 
Chart I shows the results of this experiment. The urine in all these cases was 
well below a pu of 6 when hexamethylenamina was started. The administra- 
tion of this drug was continued for a period of eight days without the produc- 
tion of a hematuria in any of the cases. 

There was no change in the diet of these patients either before or during 
the experiment. It is interesting to note that the acidity of the urine as deter- 
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mined by the hydrogen-ion concentration was not increased by the adminis- 
tration of hexamethylenamina, as is inferred by some writers. In fact, the 
acidity of the urine was decreased in all of the four cases following the admin- 
istration of hexamethylenamina. 

From this experiment we were led to believe that some other factor 
beside a high acidity of the urine must be present in order to produce a hema- 
turia. This experiment would also indicate that the Mistura Glyeyrrhize 
Composita administered with the hexamethylenamina did not increase the 
power of the latter drug to produce a hematuria. 

The presence of formaldehyde in the urine during this experiment was 
determined in each specimen by the Burnam test. This showed that the admin- 
istration of one gram of hexamethylenamina four times a day showed a prac- 
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beginning of medication. 


tically constant positive Burnam test. The presence of a positive Burnam 
test in Chart I is indieated by a plus sign in each instance. 

However, in order to bring out the factor of a high urinary acidity in the 
production of a hematuria more strongly, we conducted a second experiment 
using four individuals as controls and increasing the acidity of the urine to a 
greater degree than was present in the first experiment by the administration 
of acid sodium phosphate in conjunction with the hexamethylenamina. The 
results of this experiment are shown in Chart Il. Four individuals were 
selected and were each given one gram of hexamethylenamina and two and a 
half grams of acid sodium phosphate four times a day. The py of the urine in 
these cases was kept well below 6, the acidity being constantly higher than in 
the first experiment. The administration of these drugs was continued for a 
period of eight days and in no instance was it possible to produce a hematuria. 
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This would indicate even more strongly than the first experiment that 
in order to produce a hematuria, some other factor must be present besides 
a high urinary acidity. The presence of a positive Burnam test on Chart II 
is indicated by a plus sign. The Burnam test was positive in practically 
every Instance. 

A third experiment was carried out in order to show the effect of the 
administration of sodium bicarbonate in conjunction with hexamethylenamina. 


For this experiment four individuals were selected and were each given one 
eram of hexamethylenamina and two and a half grams of sodium bicarbonate 
four times a day. Chart III shows the results of this experiment. The admin- 
istration of these drugs was continued for a period of eight days without the 
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Chart I1.—Showing the effect of the combined administration of hexamethylenamina and acid 
phosphate on the pu of urine. (Plus signs indicate positive Burnam test.) Arrow indicates 


ning of medication. 


production of any untoward symptoms. A Burnam test was carried out on 
each specimen of urine and the py also determined. The hydrogen-ion con- 
centration of the urine in these cases was definitely lowered and the px as 
a rule was well above 6, and showed a tendency to approach 7. <A positive 
Burnam test in these eases is indicated on the chart by a plus sign, and 
this experiment would indicate that the administration of the above amount 
of sodium biearbonate is sufficient to prevent the liberation of formaldehyde 
in the urine in almost every instance. In the few instances in which a positive 
Burnam was obtained this always occurred in the morning, and was aceom- 
panied by an inerease in the hydrogen-ion concentration, the py in each in- 
stance being well below 6. 

This experiment would tend to show that an acid urine is necessary for 
the production of a hematuria following the administration of hexamethyl- 
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enamina, but that in addition to this acidity of the urine some other factor 


must be present. 
Chart IV shows the hydrogen-ion concentration of the urine in the first 
Case V was not available 


four cases of hematuria reported in this series. 
for this study. This chart showed that the pu of these cases on ordinary 
diet as a rule was well below 6. The urine of these cases was collected at 
intervals of one hour and the py immediately determined. At the time of 
conducting this experiment these patients were convalescing from their 


hematuria. 

The results of the observations on these cases and the experimental data 
obtained so far may be summed up as follows: 

Following the administration of hexamethylenamina in doses varying 
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Chart I1I.—Showing the effect of combined administration of hexamethylenamina and sodium 


I ate on the pu of urine. (Plus signs indicate positive Burnam test.) Arrow indicates begin- 


ning of medication. 

from 30 to 60 grains daily to approximately four hundred eases, there de- 
veloped five cases of hematuria. Each of these cases showed a high hydrogen- 
ion concentration of the urine. However, this in itself is not considere 
sufficient to produce a hematuria. We are led to believe from this data and 
experiments conducted that for the production of a hematuria following the 
administration of hexamethylenamina an idiosynerasy for this drug must be 
present. 

In an attempt to demonstrate an existing idiosynecrasy we employed a 
skin reaction test. For this purpose dilutions of the drug of 1 to 5, 1 to 10, 
1 to 50 and 1 to 100 were employed. A 1 to 50 solution of formalin was also 
used. As control solutions caffein 1 to 10, salicylic acid 1 to 10, quinine 
chlorhydrosulphate 1 to 20, adrenalin 1 to 1000 and normal saline were used. 
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Twelve individuals were used as controls to whom hexamethylenamina had 
been administered in doses of 1 gram four times a day for a period of eight 
davs, and who showed no untoward symptoms following the administration 
of this drug. The flexor surface of the forearm was used for the tests and 
the skin seratched with a needle sufficiently to produce an abrasion but not 
to cause bleeding and the solutions of the various drugs were rubbed into 
the seratech marks. The controls in each case gave negative results, while a 
positive reaction was noted in each of the five hematuria cases, which was 


most pronounced in the 1 to 5 and 1 to 10 dilutions of hexamethylenamina. 


This reaction reached its maximum in 15 to 20 minutes following the applica- 
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Chart I1V.—Showing the Pu of the urine of first four cases during convaiescence from 











V.—Showing time of appearance of formaldehyde in urine after administration of 3 gms, 
examethylenamina and the Pu of the urine. (Plus sign indicates positive Burnam test.) 


tion of the drug, and consisted in redness, induration and the production of 
a raised area which is shown in the accompanying photographs. The applica- 
tion of the formalin solution eaused a slight loeal reaction. 

The eases which showed the most marked hematuria and in which the 
symptoms of irritation were most pronounced also gave the most marked skin 
reaction. Figs. 1, 2, and 3 show the type of reaction obtained in Case IIT and 

V. 

In Case IIT skin tests were continued at intervals of about one month 
for four months after discharge from hospital. It was found that the tendeney 
was for these tests to become less marked on each oceasion, although at 


the end of the third month the test was still positive. 
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We also performed a skin test on an individual who gave a history of 
hematuria following the administration of hexamethylenamina eight years 
previously, and obtained a negative result. Whether the sensitiveness to 
hexamethylenamina decreases and disappears entirely, or, in other words, 
whether it is merely a temporary or a permanent sensitiveness, appears some- 
what uncertain, but it is not unlikely that in these two cases the patients may 
have developed an acquired immunity, at least to some extent. 

The results in these cases have been sufficiently encouraging to warrant 
the opinion that individual hypersuseeptibility to hexamethylenamina is a 
contributing factor in the production of hematuria. Whether cutaneous hyper- 
sensitiveness should be placed in the domain of anaphylaxis or merely drug 
idiosynerasy, we have insufficient evidence on which to base a positive con- 
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Chart VI.—Showing time of appearance of formaldehyde in urine after the 
(Plus sign 


cid sodium phosphate. 3 gms. hexamethylenamina administered at 8 a.M. the third day. 
indicates positive Burnam test.) 


clusion. However, there seems to be much in common in their symptoma- 
tology, and the differential diagnosis of drug and food idiosynerasy and 
allergy is not easy. 

Several hypotheses are advanced as to the necessary mechanism for the 
production of cutaneous reaction to drugs and other substances not containing 
proteins. Park states that we have no evidence that the basis of these reactions 
is an antigen-antibody reaction, a hypothesis, which seems to be required in spe- 
cifie anaphylaxis, and he considers the symptoms elicited as due to idiosynerasy. 
On the other hand, Kolmer and others believe that these are true anaphylactic 
skin reactions due to the interaction of a specifie anaphylaetie antibody and 
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specifie anaphylactogen largely within or without the cells, and with the 
formation of diffusible irritants capable of producing acute hyperemia, edema 
and leukoeytie infiltration of the skin. 

The fact remains that from our observations the evidence is fairly con- 
elusive that there exists in these individuals a susceptibility to hexamethy]- 
enamina which could not be demonstrated in the controls. Furthermore, with 
the evidence already at hand that it was not possible to produce hematuria 
in unsuseeptible individuals, taking the hyperacid urine as a necessary factor 
in the elaboration of the irritant formaldehyde as the contributing cause, we 
have come to the conclusion that the evidence is sufficient to warrant the 
statement that individual hypersensitivity or an allergy to hexamethylenamina 
is tlle etiologie factor in the production of these hematurias. 

The souree of the blood in hematuria caused by the administration of 
hexamethylenamina has been more or less indefinite. The prevailing opinion 








Fig. 1.—Showing local reaction from various drugs inoculated into skin abrasions on forearm in 
the following dilutions: hexamethylenamina 1:5, 1:10, 1:50, 1:100; caffeine citrate 1:10; salicylic acid 
10; quinine chlorhydrosulphate 1:20; adrenalin 1:1000; normal saline (0.85%); formalin 1:50. 


seems to be that it comes from the bladder and that the kidneys remain 
unaffected. 

The evidence obtained in the above five eases of hematuria points fairly 
definitely to the bladder as the site of the hemorrhage. The presence of an 
acute hemorrhagic nephritis which would be necessary to cause such a marked 
hematuria of renal origin, could be ruled out by the absence of constitutional 
symptoms, the absence of casts, especially blood easts, in the urine, the 
rapid subsidence of the symptoms and the complete recovery of the patient 
in a few days with no sequale. The symptoms in these patients pointed 
direetly to the bladder as evidenced by the tenesmus, vesical pain, marked 
irritation and the terminal hematuria. And finally, the definite lesions noted 
on eystoseopie examination leave little room for doubt regarding the source 
of the hematuria following the administration of hexamethylenamina. 

These lesions consist of hemorrhagic areas, irregularly distributed over 
the base of the bladder, about the ureters and neck of the bladder, varying 
in size from \% to 2 em. in diameter and appearing bright red in color. 
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In an effort to determine the time necessary for the appearance of 
formaldehyde in the urine following the administration of hexamethylenamina, 
four individuals were selected and were each given 3 gms. of hexamethyl- 
Chart V shows the result of this experiment. A positive 


enamina at 8 A.M. 
The py of the urine 


Burnam test is indicated on this chart by a plus sign. 
was determined on each specimen examined. 








Showing local reactions from various drugs inoculated in skin abrasions on forearm 
dilutions: hexamethylenamina 1:5, 1:10, 1:50, 1:100; caffeine citrate 1:10; salicylic 
(0.850); formalin 1: 


chlorhydrosulphate 1:20; adrenalin 1:1000; normal saline 
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reactions from various drugs inoculated into skin abrasions on 
1:5, 1:10, 1:50, 1:100; caffeine citrate 


tPF 
(0.85°°): for 


K) Showing 
hexamethylenamina 


following dilution 
10; quinine « lrosulphate 1:20; adrenalin 1:1000; normal saline 


In Number I a positive Burnam was obtained two hours following the 
this case 


administration of hexamethylenamina. The py of the urine in 
remained well below 6 until 8:30 a.m., when it reached 6, at which point it 


remained for two and a half hours. The positive Burnam test persisted for 


four hours in this case. 
In Number II the py of the urine was well above 6 and at no time was 
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a positive Burnam obtained following the administration of hexamethylen- 
amina in this ease. 

In Number III a positive Burnam was obtained one hour following the 
administration of hexamethylenamina. In this case the pu of the urine re- 
mained well below 6 for three hours following the administration of the drug. 
The positive Burnam persisted for three hours. 

In Number IV the py of the urine showed a tendency to stay well above 
§ and a positive Burnam was not obtained. 

This chart emphasizes very strongly the importance of the acidity of the 
urine in the liberation of formaldehyde after the administration of hexa- 
methyvlenamina. 

In an effort to bring out this point more strongly, four individuals were 
selected and placed on acid sodium phosphate gms. 4, three times a day. 
On the morning of the third day they were each given 3 gms. of hexamethyl- 
enumina at 8 a.m. Chart VI shows the result of this experiment. 

In Number I the py of the urine was kept fairly constantly below 6 
and a positive Burnam test was obtained twenty minutes following the admin- 
istration of the drug, and persisted for five and a half hours. 

In Number II the px of the urine was well below 6 on the third day and 
a positive Burnam was obtained thirty minutes after the administration of 
hexamethylenamina, which persisted for four and a half hours. 

In Number III the px of the urine showed a tendency to remain well 
above 6 and a positive Burnam was not obtained. 

In Number IV the py of the urine was kept well below 6 and a positive 
Burnam was obtained three hours following the administration of the drug 
and persisted for seven hours. 

Charts V and VI indicate that a py below 6 is necessary for the liberation 

formaldehyde in the urine following the administration of one dose of 3 
ems. of hexamethylenamina. In eases in which the py of the urine remains 
constantly above 6 a positive Burnam is not obtained following the adminis- 
tration of this amount of the drug. 

Where the urine is sufficiently acid, a positive Burnam test is obtained 
in from twenty minutes to three hours following the administration of 
the drug. 

In an effort to obtain more information regarding the pathology of 
hematuria caused by hexamethylenamina, it was decided to attempt some ex- 
periments with the guinea pig. For this purpose a preliminary experiment 
was performed in feeding hexamethylenamina to guinea pigs in moderate 
doses, and it was found that a hematuria could easily be produced with this 
drug. 

For the final experiment, six guinea pigs were selected of an average 
weight of 500 gms. and the urine of these pigs examined for several days 


to rule out a preexisting hematuria. When this had been definitely ruled 


out the administration of the drug was commenced, beginning with a daily 
dose of 20 mg., half of which was administered in the morning and half in 
evening. Table I shows the complete report of this experiment. It appears 
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from a study of this table that a daily dose of 20 mg. of hexamethylenamina 
to guinea pigs will produce a hematuria in from two to seven days. The 
drug is certainly toxie for these animals and their deterioration in health 
and general appearance is quite noticeable if the drug is continued. It 
appears, however, that the lesions in the guinea pig are fairly widespread, 
and there is definite evidence of acute inflammatory processes involving the 
genitourinary tract, the gastrointestinal tract and the abdominal viscera. In 
the case of the guinea pig the hematuria is undoubtedly renal in origin, 
although it is quite likely that the whole genitourinary tract contributes to 
the hematuria as well as the kidney. 

To further implicate the kidney as the source of the hematuria in the 
evinea pig, it was decided to tie off the ureter in a pig in which hematuria 
hai been established by the administration of hexamethylenamina. It was 
found in this ease that the urine collected in the kidney pelvis was distinctly 
hemorrhagic, and it is believed that this evidence, in conjunction with the 
postmortem findings, leaves no room for doubt regarding the toxic effect of 
hexamethylenamina on the kidneys of the guinea pig. 

We are indebted to the U. S. Naval Medical School, Washington, D. C., 


the pathologie reports on the guinea pigs. 


fo 

However, the picture of hematuria in man is considerably different from 
that in the guinea pig, although if enormous doses were given to man and 
continued over sufficient periods, it appears quite likely that a definite 
nephritis eould be produeed. 
SUMMARY 


Five cases of hematuria developed among approximately four hundred 
cases of mild influenza who received from 30 to 60 grains a day of hexamethyl- 
enamina. 

The hematuria in these patients appeared in from one to seven days 
following the administration of the drug. All of these patients showed a high 
hvdrogen-ion concentration of the urine. In an attempt to demonstrate an 
idiosynerasy to hexamethylenamina in these patients, the drug was applied 
in varving dilutions to the slightly abraded skin of the forearm and in each 
case a reaction consisting of redness, induration and the production of a 
raised area, was noted. 

The urine showed no blood easts; there were no constitutional symptoms 
and no sequele. The bladder showed definite hemorrhagic lesions through 
the eystosecope. These hemorrhagic areas were irregularly distributed over 
the base of the bladder and about the ureters, the vault and lateral surfaces 
being unaffected. 

Attempts to produce hematuria in individuals who showed a high hydro- 
gen-lon concentration of the urine were unsuccessful. Even when the py of 
the urine was kept low by the administration of acid sodium phosphate it 
Was impossible to produce hematuria when hexamethylenamina was given in 
doses of gms. 4 daily for eight days. 

The administration of sodium bicarbonate gms. 10 daily in conjunction with 
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the hexamethylenamina served to prevent the liberation of formaldehyde in 
the urine in almost every instance. 

The Burnam test was used to demonstrate the presence of formaldehyde 
in the urine. No doubtful reactions were reported and in every instance when 
a positive result was reported the reaction was unmistakable. 

In individuals in which the py of the urine was below 6 a positive Burnam 
test was obtained in from twenty minutes to three hours following the admin- 
istration of gms. 3 of hexamethylenamina and persisted for from three to 


seven hours. In individuals in which the py of the urine remained above 6 


a positive Burnam was not obtained following the administration of 3 gms. 


hexamethylenamina. 

The drug is toxie to guinea pigs and in doses of 20 mg. a day produced 
a hematuria in from two to seven days. The lesions in the guinea pig are 
widespread and there is definite evidence of acute inflammatory processes 
involving the genitourinary and gastrointestinal tract with marked acute 
nephritis and acute congestion of the bladder. The hematuria in the guinea 
pig is of renal origin, although the bladder may also act as a contributing 


source. 
CONCLUSIONS 


From a study of these cases of hematuria and from the experiments con- 
ducted it is believed that we are justified in drawing the following con- 
clusions: 

1. Following the administration of hexamethylenamina in even moderate 
dosage a small percentage of individuals will develop hematuria. 

2. These cases show a high hydrogen-ion concentration of the urine. 

3. It is considered that these individuals possess an idiosynerasy to hexa- 
methylenamina. 

4. This idiosynerasy can be demonstrated by a cutaneous reaction test, 
using the drug itself as the antigen. 

5. A high hydrogen-ion concentration favors the elimination of formalde- 
hyde in the urine and appears to be a necessary factor in the production of 
hematuria. 

6. A high hydrogen-ion concentration of the urine is of itself not sufficient 
to cause a hematuria following the administration of hexamethylenamina. 

7. The hematuria following the administration of hexamethylenamina in 
individuals is vesieal in origin. 

8. The lesion consists of a hemorrhagic cystitis involving the base and 
neck of the bladder; the hemorrhagic areas are irregularly distributed and 
when viewed through the cystoscope present a fairly typical picture. 

9. Attempts to produce hematuria in unsusceptible individuals by the 
administration of hexamethylenamina were unsuccessful even when the px 
of the urine was kept low by the administration of acid sodium phosphate. 

10. The administration of sodium bicarbonate in doses of 10 grams daily 
in connection with hexamethylenamina will prevent the liberation of for- 


maldehyde in most instances. 
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11. When the urine is sufficiently acid a positive test for formaldehyde 
ean be obtained in from twenty minutes to three hours following the adminis- 


tration of 3 grams of hexamethylenamina. 
12. When the py of the urine is much above 6 the liberation of formal- 


delivde is interfered with. 

13. A pu as low as 6 is impossible in any other medium in the body except 
the urine and the gastrie juice, and if hexamethylenamina is dependent on 
the liberation of formaldehyde for its antiseptic properties, these properties 
ean never be manifested except in the genitourinary tract. 

14. Hexamethylenamina is toxic for guinea pigs and produces extensive 
inflammatory reactions in the genitourinary and gastrointestinal tracts. 

15. The hematuria in guinea pigs is chiefly renal in origin. 
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CHRONIC URTICARIA OF FIVE YEARS’ DURATION PROBABLY DUE 
TO CHRONIC ACIDOSIS* 


By G. W. McCaskey, M.D., Fort Wayne, INDIANA 


HE following very severe chronic and intractable case of urticaria appears 
to me to present enough points of interest to justify a somewhat detailed 


report and discussion. 


The case, No. 2060, Mr. G., an attorney, age forty-five, consulted me on June 15th, 1520, 
because of a skin lesion of five years’ duration, which on examination proved to be a typical 
urticaria universalis, which had begun on legs and extended to entire body. Every night 
during this five-year period the patient was kept awake the greater part of the time by the 
associated severe pruritus. He had been under treatment the greater part of this period 
without obtaining relief. The wheals varied in size from 2 to 10 em. in diameter. He 
would be comparatively free from symptoms during the day, but they invariably returned 
during the early part of the night and tortured him until morning. His general health had 
suffered very severely because of interference with rest and sleep and because of an accom- 
panying diarrhea contracted in subtropical regions one year preceding the onset of the 
‘*hives’’, and which symptom had troubled him more or less ever since. The obvious bear- 
ing of this incident was fully appreciated as will be seen later. The patient also complained 
of irritability, marked general debility, slight dyspnea on exertion, and some discomfort 
with gas distention after eating. 

The family history was entirely negative. There was nothing important in the past 
history excepting severe scarlet fever at age of nineteen, followed by ‘‘kidney trouble and 
dropsy’’, from which he apparently made a complete recovery. 

On physical examination he presented a worried and fatigued expression, fairly well 
nourished, weight 141 pounds, about ten pounds below his normal weight; ‘pulse 82, T. 98.8, 
R. 22; blood pressure, systolic 110, diastolic 58; a well marked tache, indicating vasomotor 


instability, which corresponds with the large pulse pressure above shown. The physical 
examination of thorax and abdomen was entirely negative with the exception of the hives. 
Urine entirely negative, specific gravity 1016-1050; 


The laboratory findings were as follows: 
blood: red cells 5,500,000, white blood cells 5,700, hemoglobin 92 per cent, differential, 
Polys. 57 per cent, S. L. 10 per cent, L, L. 15 per cent, Trans. 1 per cent, Eos. 19 per cent, 
little later). Wassermann negative. CO, combining power of plasma 50+ 


(28 per cent a 
On account of eosino- 


volumes per cent; blood no procurable in fasting condition. Feces: 
philia and patient’s former residence in the subtropical region, four exhaustive studies 
were made, especially for blood and for ameba and other parasites and ova, by warm stage, 


but with entirely negative results. Gastrointestinal: Ewald’s test meal: 


1 hr.p.c. Free HCl 42, Total 54 


ce sé 62 ce 72 
“-, _ 


14 hr.p.e. 


no mucus, no occult blood. Roentgenologie study of barium meal showed perfectly normal 


position, mobility, motility and contour of the gastrointestinal tract, with the possible ex- 
ception of a moderate deformity of the duodenal cap, suggesting an old lesion, The stomach 


*Received for publication, October 24, 1921. 
*This alkali reserve work was done by the Marriott method before it was discarded for 
more accurate Van Slyke. ‘The findings are expressed comparatively in terms of CO». combining power 


of plasma. 
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was entirely empty in four and one half hours. Serial plates revealed no pathology. Fluor- 


gscopie palpations disclosed no adhesions anywhere, 


In a careful study of the data above recorded, the low alkali reserve 
appeared to be one of the most important clinical findings. The patient was 
therefore placed upon sodium bicarbonate, 8 grams per day tentatively, with 
an exclusive diet of milk, cream and cereals, and a borax bath once a day. 
This quantity of sodium bicarbonate failed to produce a neutral urine and in 
a few days the dose was doubled giving him 16 grams daily with orders to vary 
the daily intake of the sodium bicarbonate so as to produce a urine reaction 
neutral or alkaline to litmus, allowing it to become slightly acid once in 
24 hours. At the end of one week there was no improvement. In two weeks 
he reported entire freedom from urticaria for 48 hours, the first time in five 
years. Improvement from this time was rapid, and in about another week 
the symptoms disappeared entirely and only recurred in a very light form 
twice sinee then for a single night, each time coincident with a ‘‘cold.’’ 

The patient has now been entirely free from urticarial lesions and symp- 
toms for about 15 months. His general condition has correspondingly im- 
proved. He has gained nine pounds in weight and says that he is in better 
health than in a great many years. 

During the progress of the treatment several very interesting changes 
took place in laboratory findings. On Sept. 10, 1920, and Oct. 6, 1920, the 
CO, combining power of plasma was 66 volume per cent. The eosinophilia 
which was an interesting and conspicuous feature of the case gradually 
became less and less. On Oct. 6, 1920, it had fallen to 8 per cent, and on 
Dee. 13, 1920, in a count of 100 cells no eosinophils were found. 

Perhaps the most interesting observation made in the study of this 
ease was the low alkali reserve indicating a moderate grade of chronic 
acidosis which was confirmed by the large amount of sodium bicarbonate 
required to neutralize the urine. This is of special importance because of the 
recent simplifications of technical methods of blood examinations which 
make it possible for the clinician to procure information of this sort with 
sufficient accuracy to meet the requirements of clinical diagnosis and sub- 
sequent treatment. 

The problem of acidosis is too large to justify an attempt at its full 
discussion here. Briefly it may be said that the determination of the CO, 
combining power by the Van Slyke method is a means of estimating the 
reduction in the quantity of so-called ‘‘alkaline buffer substances’’ in the 
blood, namely sodium bicarbonate and disodium phosphate; this reduction 
in the buffer substances occurring because of their neutralization by non- 
volatile acids, which, unlike the CO,, cannot be eliminated through the lungs. 
They are permanently fixed by the acid and are therefore functionally lost 


to the organism, and to this extent these alkali reserve substances are reduced. 
These alkaline bodies are the ‘‘normal ecarriers’’ of CO, from tissues to lungs 
where this volatile acid is eliminated. When the capacity of the blood for 


carrying CO, from the tissues to the lungs is reduced, acidosis results. Under 
normal conditions for adults at rest the CO, combining power of blood plasma 
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is 77 to 53 ¢.c. per 100. As the reserve alkali is used up more and more by 
combination with the nonvolatile acids, the CO, combining capacity is dimin- 
ished to from 53 to 31 ¢.e. per 100, the lower figure, and figures ranging 
oceasionally even lower than this, applying to the most severe cases of 
acidosis.’ 

Now what relation, if any, can this acidosis be safely assumed to have 
to the urticaria in the case under discussion? The answer to this question is 
that it is probably indirect and depends upon a number of facts, some of 
which are well established and others conjectural. 

What is the real nature of urticaria? Sutton*® says that it is very prob- 
ably always due to anaphylaxis. Darier® is not so positive and says that 
the majority of cases of urticaria are due to anaphylaxis. 


Now if we are to assume an anaphylactic origin in this case, obviously 
the diet question must receive careful consideration. This patient was placed 
at the outset upon the exclusive diet of milk, cream and cereals, and it is 
entirely possible that the anaphylactie substance, if such exists, might have 
been removed by the sweeping reduction of diet which eliminated all meats 
and vegetables. From this promiscuous list a considerable proportion, most 
anaphylactie substances of dietetic origin, are probably derived. It does not 


seem that we can come closer than this to the answer to the question of 
dietetic anaphylactic substances as etiologic factors in this case. There is, 
however, another suggestion along the line of anaphylaxis which is derived 
from the fact that the only two slight reeurrences of urticaria which he has 
had oceurred in connection with ‘‘eolds.’’ This naturally suggests the possible 
operation of bacterial anaphylaxins. 

With reference to the etiology of the acidosis we must carefully consider 
intestinal conditions. The history clearly indicates perverted digestion, with 
gas formation, slight discomfort with a moderate hyperchlorhydria. This 
perverted digestion might be fairly assumed to increase the production of 
nonvolatile acids in the lower segments of the small intestine. The fact is 
that the contents of the small intestine are more acid than formerly supposed, 
and that this acidity is due to fixed acids, largely of the fatty type. It has 
been shown that certain bacterial enzymes under favorable conditions may 
transform carbohydrates into lactic acid, and this acid may by further action 
of similar enzymes be converted into butyric acid.t There are also certain 
lipolvtie enzymes of bacterial origin which may split up the fats with the 
production of valerie, butyrie and other lower acids.®° It has been demon- 
strated that butyrie and other fatty acids can be transformed into aceto- 
acetic acid® and there is no reason to doubt that these transformations may 
and do oceur within the intestinal tract. In addition it has been shown that 
aceto-acetie acid ean be produced from the amino-acids by protein cleavage.’ 
As a matter of course, of the other two members of the ketonie group, acetone 
ean be produced by oxidation of aceto-acetie acid and the beta-oxybutyric 
by its reduction. So far as this particular group is concerned we have a per- 
feetly plausible source in intestinal fermentation from which they may enter 
the cireulation in quantities sufficiently large to combine with reserve alkalies 
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to an extent which might seriously deplete the latter. These bodies are 
dwelt upon with special emphasis, largely because of the conspicuous role 
they play in diabetic and other types of acidosis. It must be borne in mind 
that other acids, some of which are mentioned above, may lead to the forma- 
tion of these bodies, thus becoming as easily available and effective in the 


production of acidosis. 

In considering the etiologic relationship of the acidosis to the urticaria 
in this ease, conservatism is suggested by the fact that such clinical presenta- 
tions are relatively rarely seen, even in cases of severe acidosis, especially 
the diabetic type on the verge of coma. While the etiologic factors in this 
case may not be clearly proved, the prompt clinical result of treatment based 
upon a low alkali reserve with a single addition of a simplified diet, is cer- 


tainly of striking interest. 
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STUDIES IN POSTMORTEM BACTERIOLOGY: VALUE AND 
IMPORTANCE OF CULTURES MADE POSTMORTEM* 


ALFRED S. GiorpANO, M.D., AND ARLIE R. Barnes, M.D., RocHester, MINN. 


T has long been recognized that the greater number of all deaths are thie 

result of primary or secondary invasion of the body by pathogenic bac- 
teria. Fortunately for the clinician and pathologist, most of these organisnis 
leave a fairly characteristic trail, and the reactions between them and the 
living tissues are so specific that, within certain limits, a careful study makes 
a presumptive diagnosis moderately certain. However, in at least two ecir- 
cumstances the accuracy of such a clinical diagnosis often becomes question- 
able: (1) if the reaction of the body is rendered atypical either from unusual 
variation in immunity, or in the virulence of the invader, the identity of the 
offending organism is obscured, and (2) if the original foeus of the parasite 
is hidden and the absorbed toxin is extremely destructive, clear proof of the 
identity of the organism is obscured. 

So serious are the results of errors of diagnosis that modern clinical prac- 
tice demands careful bacteriologic studies as controls in all eases of suspected 
infection. To mistake the lesions of diphtheria for those of tonsillitis, or the 
twitching of tetanus for those of tetany are indefensible errors unless all the 
facilities of modern bacteriology have been exhausted. 

For the pathologist, bacteriology is equally important, but it is too often 
neglected or it is used only superficially or incompletely. The two sources of 
error to which elinicians are exposed are even more prominently emphasized 


at the postmortem table, where signs are few, symptoms entirely absent, and 
Moreover, the lesions which have finally caused 


appearances often deceiving. 
death are not always sufficiently evident to be recognized even with the aid 
In such eases the presence or absence of pathogenic bac- 


of the microseope. 
lesions in which it 


teria becomes an absolutely decisive factor. Even in 
becomes clearly apparent that bacteria are largely responsible, the species or 
tvpe of organism is not demonstrable without appropriate technical procedure. 

Two fundamental propositions are established for the clinician and the 
pathologist: (1) every infection requires the accurate identification of the 
offending agent, and (2) in every obscure condition, the presence of patho- 
genie bacteria must be excluded by systematic routine bacteriologiec methods 
before a definite conclusion may be reached. Carelessness in this respect can 
too often be charged against the pathologist. Indeed the meager reports in 
the literature on this subject indicate a disregard of this fundamental practice. 

Postmortem bacteriologic examinations have been declared unreliable by 
certain workers. Gradwohl, in a study of fifty eases, came to the conclusion 


*These studies were made in the Section on Pathologic Anatomy, Mayo Clinic, at the suggestiot 
nd under the supervision of Dr. H. E. Robertson. 


Received for publication, Nov. 4, 1921. 


538 





POSTMORTEM BACTERIOLOGY 


that invasion from neighboring organs occurs, either agonal or immediately 
after death. Gwyn and Harris, in a comparative study of the results of blood 
cultures made during life and after death, concluded that an organism in a 
local lesion grows and spreads in the blood stream after death. Buxton has 
shown that typhoid bacilli introduced into the peritoneal cavity of living 
animals may be taken up almost immediately to be deposited in various 
oreans. That this occurs during life suggests the fallacy of assuming agonal 
ostmortem invasion in bacteremias associated with peritonitis. «— , 


or 


On the other hand equally careful workers regard postmortem bacterio- 
locie examinations worthy of serious consideration. Fredette believes that 
cultural results obtained a few hours after death are fairly reliable in dem- 
onstrating the presence of organisms existing at the time of death, although 


he admits the possibility of postmortem invasion. Canavan and Southard, in 
series of cultures in 200 cases portmortem, concluded that their findings 
pointed definitely to the intravital occurrence of the bacteria found, although 
in no instance was the chain of evidence complete. They further noted that 
the pereentage of positive cultures did not differ significantly at varying 
hours after death so that the danger of contamination may be limited to a 
brief interval. Gwyn and Harris conelude, ‘‘Bacteremia, due to common 
organisms of the intestinal tract and the so-called agonal invasions of the 
blood stream, do oceur, yet they should not be assumed to be present with any 


a 


ereat degree of frequency.’’ 

It is obvious that the opinions of the workers concerning the postmortem 
invasion of bacteria are divided. Accordingly our investigation was made 
for the purpose of determining two questions: Does invasion occur postmor- 
tem, and, if so, within what limits? Do bacteria recovered at postmortem 
have any intravital significance? 

Serupulous attention to details of technic is necessary at all stages of the 
experiment. The organ to be cultured is seared with a red hot spatula, and 
care is exercised to prevent liquids or melted fat from the adjacent tissues 
from eontaminating the seared surface. A sterile pipette of approximately 
5 ¢.e. capacity, kept in a sterile test tube, is thrust through the seared surface 
and the desired amount of material aspirated. Solid organs are pierced at 
such an angle that the point of the pipette will be in the depth of the organ 
and away from the superadjacent seared surface. The material thus collected 
is immediately transferred to a tube of glucose-brain broth prepared acecord- 
ing to the method of Rosenow. If these cultures are positive, subcultures on 
blood agar plates and other mediums are made. A portion of a small amount 
of exudate or of material from a given organ is spread over a blood agar 
plate and another portion is spread on a slide to be stained later. 

There are several reasons for selecting glucose-brain broth as a culture 
medium. It is inexpensive and easily prepared. As Rosenow has pointed 
out, ‘The bottom of the tube is rendered anaerobic while the top necessarily 
remains aerobie and the space between represents a gradient of oxygen pres- 
sure intermediate between the two extremes.’’ He has further observed, 
“The infecting organism may be sensitive to oxygen pressure.’’ In this man- 
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ner bacteria that are sensitive to slight changes in oxygen pressure may he 
grown. We have been able to grow strict anaerobes in this medium. 

In our series of 213 cases the blood and spleen were cultured routinely; 
the spleen was cultured in order to determine if it acted as a bactericidal 
factor or as a filter for organisms. Other systems, chiefly the genitourinary, 
respiratory, and cerebrospinal systems, were cultured as conditions demanded. 

Bearing in mind the fact that infected foci may be the source of general 
infections, and, as many writérs have pointed out, may be the cause of certain 
diseases, we cultured teeth which were condemned by dental examinations 


made before death. 
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The relative pathogenicity of organisms recovered and their significance 
as the cause of certain lesions can best be established by animal inoculation. 
We have therefore resorted to this procedure in obscure eases, using rabbits 
and other laboratory animals. The bodies used were not subjected to refrig- 
eration, but were exposed to the temperature prevailing in summer or winter 
and for the periods of time indicated in Fig. 

Gwyn and Harris have compared antemortem and postmortem cultures 
in fourteen cases with a view to determining the reliability of postmortem 
cultures. In seven cases the agreement is absolute; two cases show the pres- 
ence of an additional organism after death due to a superadded terminal 


infection: and five eases show radical differences in antemortem and postmor- 
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tem results. Richey and Goehring report twenty-four cases in which both 
antemortem and postmortem cultures were made, in twenty of which the 
agreement is absolute. However, we cannot draw too sharp conclusions from 
this type of evidence, for antemortem cultures may be made several days be- 
fore death, may precede the advent of an infectious process, or may be taken 
in a period of bacteremia which later disappears, all of which may account 
for disagreement between antemortem and postmortem cultures. In order to 
test this point we have tabulated in Table I the results in twenty-two cases 
of the series in which antemortem cultures had been made. In fifteen of the 
twenty-two eases the results were in agreement. 

In Case 9, culture at death, five days after the culture before death, 
vielded a gas-producing anaerobic bacillus. That this organism was not 
obtained before death is probably owing to the unsuitable method of growing 
anaerobie bacteria. The postmortem result is further strengthened by the 
faet that the clinicians regarded the condition as septicemia. 

In Case 4, antemortem culture antedated the postmortem culture by six- 
teen days. In the meantime the patient contracted bilateral bronchopneu- 
monia, which may account for the positive culture obtained after death. 

In Case 10, the positive culture obtained after death is substantiated by 
the postmortem findings, which included general and localized peritonitis and 
serofibrinous pleuropericarditis, evidences of a widespread infection. The 
negative antemortem culture is not invalidated, for it was taken nine days 
earlier and may have preceded the advent of the bacteremia. 

In Case 1, five days elapsed between the cultures. Postmortem findings 
undoubtedly supported the positive bacteriologie findings. Necropsy revealed 
hilateral suppurative otitis media and mastoiditis, thrombosis of the right 
lateral and sigmoid sinuses, multiple pulmonary abscesses, bilateral suppura- 
tive mastitis, and empyema in the left side. 

In Case 7, an interval of fourteen days separated the cultures made be- 
fore and after death. The presence, at necropsy, of bilateral empyema, bilat- 
eral perirenal abseesses, bilateral pyelonephritis, and an abscess in the psoas 
museles is indieative of a widespread infection and corroborates the cultural 
results obtained after death. 

Case 14 presents a typical picture of septicemia before death, but two 
antemortem eultures made thirty-eight and thirteen days before death were 
negative. Necropsy revealed multiple pyemiec abscesses of the extremities, 
vegetative endocarditis, thrombosis of both femoral veins, a large psoas 
abscess, and bilateral multiple focal abscesses of the kidneys, all of which 
attest the validity of the postmortem cultures. 

The last of five negative cultures obtained before death in Case 3 was 
made eighteen days before death. In support of the positive cultures after 
death necropsy findings are invoked of acute general peritonitis following 
perforation of the colon, of acute bilateral pyelitis, of acute bilateral bron- 
chopneumonia with pleuritis, and disseminated petechial hemorrhages and 
multiple subeutaneous purpurie spots. 

In our experience it has not been necessary to attribute discrepancies 
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between antemortem and postmortem cultures to agonal or postmortem inya- 
sion. We do not deny the possibility of terminal bacterial infection, but when 
it oceurs it cannot be discarded for it may be the most important contributory 
factor to the cause of death. This is well illustrated in a patient who came 
to the Clinic for treatment of abdominal lymphosarcoma (Case 349328). 
While en route he became acutely ill and soon after reaching the hospital, he 
died. Necropsy revealed, besides general lymphosarecomatosis of the abdo- 
men, general fibrinous peritonitis and pleuritis; from the peritoneum and 
pleura as well as from the blood stream a pure culture of Streptococcus hemo- 
lyticus was isolated. The infection, although terminal, was certainly the 


immediate cause of death. 
The reliability of results may be judged somewhat from examining the 
type of ease in which positive or negative results are obtained. For instance, 


if patients dying of diseases ordinarily considered noninfectious, such as brain 
tumor, cerebral hemorrhage, and exophthalmie goiter, give uniformly nega- 
tive cultures, it would increase our confidence in the results obtained. In our 
series of 213 cases, forty cases were classified as noninfectious in origin or 
termination, and it is significant that in these forty cases the results of cul- 
tures of various organs and of the blood were negative except in one. More- 
over, the time of culturing varied from one to twenty-three hours after death 
From this it appears that invasion of the blood stream by the flora of the 
intact intestinal tract rarely occurs within this time limit. 

It may be objected that the cases cited herein lacked an infectious focus 
from which bacteremia could occur. This point was studied by selecting from 
our series, eases in which an infectious locus was found. In fifty-one there 
was a definite locus of infection, such as peritonitis, pleurisy, meningitis, and 
brain abscess. Since the infection did not appear in these eases in periods of 
from one to twelve hours, it would seem that so-called postmortem invasion 
rarely oceurs at least within that period of time. 

The study of bacteriology postmortem may illuminate, modify, or com- 
pletely change the cause of death as revealed by clinical and necropsy diag- 
nosis. For example, in a mysterious and apparently unrelated short series of 
deaths not readily explainable on clinical or pathologie grounds, careful routine 
haeteriologie studies showed that the deaths probably resulted from contamina- 
tion of catgut by Bacillus tetanus. The importance of these findings is obvious, 
and in all probability the organism would not have been recovered if the rou- 
tine mediums employed had not been suitable for the growth of anaerobic 
bacteria. 

In another group of cases the pathologie changes which might be consid- 
‘red a cause of death may be exceedingly meager. In two eases in the series, 
the sole gross pathologie findings pertaining to the cause of death consisted 
of a very questionable peritonitis. Culture of the peritoneal fluid and heart’s 
blood yielded Streptococcus hemolyticus in pure culture. In the light of such 
findings the pathologist may explain the cause of death more satisfactorily, 
especially if death has occurred before frank gross anatomic manifestations 


appear. 
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In still another group of cases the bacteriologie findings serve to mod- 
ify the clinical and pathologie explanation of the cause of death. In one 
patient in whom the clinical diagnosis of tuberculous meningitis was made, 
pathologic examination could not exclude the possibility of tuberculosis of the 
meninges nor could it establish its presence unmistakably. Culture from the 
brain and spinal cord yielded a green-producing diplococeus which, when in- 
jected intravenously in rabbits, exhibited marked localizing power in the cen- 
tral nervous system. Furthermore, sections taken from the patient’s brain 
and stained by the Gram-Weigert method contained gram positive diplococci. 
A second patient died, who had a long history of Pott’s disease and tubereu- 
lous otitis media. A clinical diagnosis of tuberculous meningitis was made. 
This diagnosis was confirmed at necropsy and in addition a culture from the 
brain yielded a gram-positive diplococcus which also exhibited marked selec- 
tive affinity for the central nervous system of rabbits. In each of these cases 
tuberculosis bacilli were found in the spinal fluid previous to death. The 
superimposed pyogenic infection, while not necessarily the sole cause of death 
in these cases, was certainly an important contributory cause, a fact difficult 
or impossible to recognize from the pathologic examination. 

The positive and negative blood cultures obtained at succeeding hours 
postmortem are shown in Fig. 1. The parallelism of the curves is_ well 
preserved, except at the thirteenth hour. We conclude, therefore, that there 
is no sustained progressive increase in positive results at successive hours 
after death. Postmortem invasion in the time covered by this study does not 
seem to be of much consequence. 

The heart’s blood and the spleen were cultured in a series of 189 eases 
and were found simultaneously positive in sixty-one (36 per cent). The blood 
alone was positive in eight (4 per cent) and the spleen alone was positive in 
fourteen (7 per cent). This suggests that the spleen may serve as well as, if 
not better than, the blood for determining bacteremia, as it is more easily 
cultured and manipulated. 

Of the 213 eases studied, the blood culture was positive in eighty (38 per 
cent) of the 206 in which blood cultures were made, and the spleen culture 
Was positive in seventy-five (39 per cent) of the 190 cases in which cultures 
of the latter organ were made. The percentage of positive blood cultures 
obtained by other workers is as follows: Simmonds, 48 per cent; Fredette, 
47 per cent; Gradwohl, 44 per cent; Canavan and Southard, 44 per cent: 
Otten, 42 per cent; Gay and Southard, 40 per cent; and Richey and Goehring, 
29 per cent. 

In an analysis of the possible factors contributing to positive blood cul- 
tures, it is interesting to note that of twenty-six cases in which the gastro- 
intestinal tract had been injured either by operation or by disease, the blood 
Was positive in 69 per cent. This high incidence of positive cultures may 
possibly be explained by the fact that in all but one case peritonitis was pres- 
ent. Aeeordingly, the opportunity for absorption of virulent organisms by 
the peritoneum was afforded ; furthermore, operation and disease processes may 


decrease the individual’s power of resistance and thus aid absorption. 
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SUMMARY 


1. Bacteriologic cultures were made postmortem in 213 cases. 
2. The blood was cultured in 206 cases and it was positive in eighty 
cases (38.8 per cent). 

3. The spleen was cultured in 190 cases and was positive in seventy-five 
eases (39.4 per cent). 

4. The spleen serves as well as, if not better than, the heart’s blood for 
determining a terminal bacteremia. 

5. If discrepancies occurred in the results obtained by antemortem aid 
postmortem cultures, these differences were generally explained by the eyvi- 
dence of a superimposed process revealed at necropsy. 

6. Uniformly negative results secured in the cases of our series, which are 
ordinarily regarded as noninfectious in type, strengthens our belief in the 
reliability of cultures made postmortem. 

7. A failure to obtain positive blood cultures in fifty-one eases, in which 
an abundant focus of infection was demonstrated at necropsy, leads us to 
believe that invasion of the blood stream after death rarely occurs. 

8. Postmortem bacteriology may strengthen, illuminate, or sharply mod- 
ify the cause of death, as revealed by clinical and necropsy diagnoses. 

9. It is possible that terminal invasion may occur, and if it does occur 
it must not be dismissed, as it may be the most important contributory factor 
to the cause of death. 

10. A sustained, progressive increase in the number of positive results 
obtained at successive hours after death has not been observed in the period 
covered by our eases. 

11. With strict adherence to a reliable technic, postmortem bacteriologic 
findings are extremely valuable. We are not making the most of our oppor- 


tunity at the necropsy table unless routine cultures are made. 
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WIDAL TECHNIC USING STERILIZED CULTURES* 
By Rutu GILBERT AND ANNA C. Moore 


Q PECIMENS of blood collected in the Wright capillary tubes for the ag- 
\/ olutination test in the diagnosis of typhoid fever have been received at 
the laboratory in such unsatisfactory condition that for the purposes of a large 
niblie health laboratory it has been necessary to require that specimens of 
dried blood be sent for diagnosis. 

Such specimens were tested by a hanging drop Widal technic, using a 
ng 18-hour broth culture of Bacillus typhosus. But the results obtained 
in different laboratories with this method on the same specimens were so dis- 
erepant that they could only be accounted for on the supposition that the 
cultures had been overgrown or were contaminated or were unagglutinable, 
and the laboratory felt it would be advisable to adopt some other routine 


procedure, 

With a macroscopic technic, killed and standardized suspensions have 
been found so satisfactory that it seemed desirable, if possible, to use such 
eultures with a microscopic method. 

Widal* and Bordet? as early as 1896 called attention to the fact that a 
eulture could be killed and remain agglutinable. In the next year Wright 
and Semple’ reported favorably on the use of cultures killed by heat for 
agglutination tests, and Foerster* and Widal and Sicard® used cultures killed 
with formalin instead of heat and found that they were no less agglutinable 
and possessed better keeping qualities. Ficker® in 1903 prepared his ‘‘typhus- 
diagnosticum,’’ consisting apparently of a typhoid culture killed in some 
manner. The actual preparation is not described and seems to have been 
a trade secret. Lion,’ Gramann*’ and Meyer® have reported favorably on the 
use of this diagnosticum. Ruediger™ in 1904 carried on macroscopic agglutina- 
tion tests with a eulture killed with 1 per cent formalin but not standardized. 

Drever in 1906 introduced his ‘‘standard’’ method of macroscopic agglu- 
tination with killed cultures. His original article was translated for English 
readers in 1909. His method in brief is as follows: <A culture of Bacillus 
tvyphosus is grown in veal peptone bouillon for 24 hours at 37° C. and then 
killed by the addition of 0.1 per cent of the ordinary 40 per cent solution of 
formalin. When subeultures show it sterile, it is standardized as to density 
and agglutinability. A macroscopic tube agglutination is employed for the 
test of patients’ serum. 
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This method with some slight modifications has been used and favorably 
reported upon by Murray,?? Davison,** Walker,’* Glynn,?* Donaldson and 
Clark,’ Krumbhaar and Smith’? and Fennel.*® Priestly’® thinks the technic 
too complicated. Morse?® found suspensions in salt solution from agar slants 
made up to a standard opacity more satisfactory than broth cultures pre- 


pared by Dreyer’s method. 

Using killed and standardized cultures, various simple macroscopic slide 
and tube agglutination tests have been devised, which while diagnostic do iit 
give accurate quantitative results, as only one dilution of patients’ serum is 
used in the test. Among these may be mentioned the tests of Bass,*! Bass 
and Watkins,** Johns,** Gillman** and Coles.*° 

Since the advantages of sterilized cultures for macroscopic agglutination 
tests have been so generally demonstrated, it seemed desirable, if possible, to 
use a killed culture with a simple microscopic Widal technic. Two cultures 
were accordingly prepared, one a broth culture of B. typhosus prepared 
according to Dreyer’s method and another an emulsion from agar slants of 
B. typhosus washed off in 0.5 per eent salt solution and killed with 0.1 per 
cent of commercial formalin. These cultures were well shaken and put in 
the iee box and subeultured daily. At the end of three days they were found 
to be absolutely sterile. A bacterial count was then made on each culture. 

On the basis of the count, ten dilutions of each culture were made varying 
from 500 million to 5000 million per ¢.ec. Each of these dilutions was tested 
by the hanging drop method against several dilutions of typhoid immune 
serum, normal human serum diluted 1-20, and 0.5 per cent salt solution, to 
determine the lowest dilution of culture which would give definite agglutina- 
tion with typhoid immune serum and no appearance of agglutination 
with normal human serum or 0.5 per cent salt solution. On the basis 
of these tests the 3000 million concentration was adopted as the standard. 
This was later abandoned in favor of the 1000 million concentration as the 
3000 million was found so heavy as to be confusing in negative readings. 

Using blood specimens previously found to contain typhoid agglutinins 
as well as those previously found to contain no typhoid agglutinins hanging 
drop tests were made to determine the optimum period of incubation for use 
with the killed cultures. Incubation for one hour, one and one-half hours, and 
two hours at 37° C. showed no appreciable difference in the degree of agglu- 
tination so one hour was chosen as the standard incubation period for use with 
the killed cultures, the same length of time which had been found suitable for 
the Widal tests with a living culture. 

A series of forty comparative tests was made by our routine Widal technic 
using the living 18-hour broth culture and the two killed eultures with very 
discouraging results. Of those 40 tests, 13 or 32.5 per cent gave a positive 
agglutination with the living culture. Of those that gave positive agglutina- 
tion with the living culture 61.5 per cent were positive with the killed agar 
slant emulsion and 23.1 per cent were positive with the killed broth culture. 
Even in the eases where the killed cultures gave agglutination, it was in no 
mstanee as strong as that given with the living culture. 
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Seven months later another broth culture and another agar slant emulsion 
of the Bender* strain of typhoid were prepared according to the methods 
previously described. These cultures were killed as before with 0.1 per cent 
f commercial formalin and counted, four different dilutions being counted 


Ol 


aud an average taken to insure as accurate a count as possible. 

Using a 1000 million concentration of the two killed cultures and an 
18 hour living culture with our routine Widal technic, a series of parallel tests 
was run on 237 specimens of blood sent in for the Widal test. The results 


TABLE I 


COMPARISON OF RESULTS OBTAINED IN Forty Microscopic WipaL Tests Usine a LIVING 
BRoTH CULTURE AND THE First Set or KInLep CULTURES. 


Living POSITIVE AGGLUTINATION PARTIAL AGGLUTINATION NO AGGLUTINATION 


Culture 3, 32.5 PER CENT 8, 20 PER CENT | 19, 47.5 PER CENT 
Killed Positive | Partial |Negative Positive | Partial |Negative Positive | Partial |Negative 
Cultures No. % | No. % |No. %| No. % No. % |No. % | No. % 
Killed | 

| 














Rroth 
Culture 23.1 0.0 1 
Killed 

Agar 

Slant | 

Emulsion 8 61.5) 


TABLE II 


COMPARISON OF RESULTS OBTAINED IN 237 Microscopic Wipat Tests UsInG A LIVING 
BroTH CULTURE AND THE SECOND SET oF KILLED CULTURES. 


NO AGGLUTINATION 





Living 
Culture 63, 26.6 PER CENT 58, 24.5 PER CENT — ‘116, 48.9 PER CENT 


Killed Positive | Partial | Negative Positive | Partial; Negative Positive | Partial | Negative 
; a No. % |No. %| No. % No. % |No. % | No. % No. % | No. %|No. % 
Cilles | | { | | 

Broth | | 

Culture < 4.844 69.8; 16 254 0 0.015 25.9 43 74.1 0. 0.0; 0 0.9116 100.0 
Killed | | | 

Agar | 

Slant 
Emulsion 14 22. 7| 7 111 0 0.021 36.2) ; 3.8 0. 0.00 0.0116 100.0 


obtained in this second series of tests were even more unsatisfactory than 
the results obtained with the first set of killed cultures. Of the 237 specimens 
tested 63 or 26.6 per cent gave a positive agglutination with the living cul- 
ture. Of those that were positive with the living culture, 22.2 per cent were 
positive with the killed agar slant emulsion and 4.8 per cent were positive 
with the killed broth culture. In no instance were positive results obtained 
with the use of killed cultures with specimens found negative when tested 
with living eultures. The fact that the second set of killed cultures compares 
even less favorably than the first set with the results obtained with the living 
culture, may be accounted for by the fact that the tests were made on the 


*A strain of the typhoid bacillus obtained originally from the Bender laboratory but under cultivae 
tion for six years on media before it was used in these tests. 
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second set of cultures over a much longer period of time, a large number of 
the tests having been made when the cultures were more than six months old. 

As the impracticability of a microscopic Widal technic using killed ul. 
tures seemed definitely established by these two sets of unsatisfactory results, 
macroscopic tube agglutinations were then run to determine whether the 
killed cultures would prove satisfactory for use in a macroscopic test. Differ- 
ent concentrations of the killed cultures were tested and the 3000 million 
concentration was found to give the most definite agglutination in macroscopic 
tests. Incubation for two hours in dry air at 37° C., in the water-bath at 
37° C. and in the water-bath at 55° C. gave an almost identical degree of 
agglutination though the readings were most clear cut when the tests were 













incubated in the water-bath for two hours at 55° C. 

Using a living 2-hour broth culture and the 3000 million concentration of the 
two killed cultures the serums of a number of typhoid convalesecents and of 
persons who had shown a positive Widal after inoculations with typhoid vac- 
cine, were tested. Both the living and the killed cultures were agglutinated 
by these serums in the final dilutions of 1-50 and 1-100. The agglutination 
obtained with the killed agar slant emulsion was the most definite and clear 
cut. These macroscopic tests were done when the killed cultures were almost 
a vear old and indicate clearly that such cultures may be used with reliable 










results over long periods of time in a macroscopic test. 








SUMMARY AND CONCLUSIONS 






Killed cultures of Bacillus typhosus have proved unsatisfactory for the 
microscopic agglutination test for typhoid. They are satisfactory, however. 






z 


If more comparable results are to be obtained in different laboratories, 
it may be desirable to have carefully standardized killed cultures prepared 
at a central laboratory for distribution. If this were done, it would be neces- 


for use in macroscopic agglutination tests. 








sary to adopt the macroscopic technie for performing the test. 
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SUGGESTIONS FOR THE DETERMINATION OF URIC ACID IN BLOOD* 
By L. Bauman, M.D., ann L. M. Keeter, A.B.. New York City 


yz have replaced the standard urie acid solution with Lovibond tintometer 
W glasses. The Folin-Wu' method is followed, using 20 ¢.c. of protein-free 
filtrate corresponding to 2 ¢.c. of blood. The blue compound is developed in 
25 ¢.c. flasks without the use of sodium sulphite as the glasses are calibrated 
against the standard urie acid solution of Benedict and Hitchcock.? The 
glasses are placed over the upper end of the immersion cylinders, or prisms, 
of the Duboseq colorimeter. <A red glass (0.4) is placed over the unknown 
solution and a blue glass (2.9) over the opposite prism, the latter being im- 
mersed to the 20 mm. mark in distilled water. It requires a depth of 17.6 mm. 
of the blue solution obtained with 0.1 me. of urie acid diluted to 50 ¢.c. to mateh 
the colored glasses. The following formula is used to obtain the amount of 
uric acid (in milligrams) contained in 100 e.e. of blood. 


17.6 x 100 


Reading of unknown 


ovo 


“a A a 


The glasses may also be used with the Bock-Benedict colorimeter if the 
red glass is placed over the immersion cylinder and the blue in front of and 


parallel to the standard eell. 
We have found the glasses to be satisfactory for the estimation of urie 


*From the Medical Clinic, Presbyterian Hospital, Columbia University, New York City. 
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acid in practically all samples of blood which are ordinarily sent to a hos- 
pital laboratory. 

The advantages of the glasses are, first, that they shorten the time of 
the procedure and second, that they remove the uncertainty arising from the 
possible decomposition of the standard uric acid solution. The annoying pre- 
cipitation occasionally encountered in this method may be avoided by the 
addition of 3 drops of half saturated (in the cold) gum acacia solution. <A 
erystal of thymol is added to the gum solution to avoid bacterial decomposi- 
tion. This device has enabled us to earry through about 300 determinations 
without a single precipitation. The acacia probably acts as a protective 


eolloid. 
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THE USE OF OPEN DELIVERY TUBES IN THE DISTILLATIONS WHEN 
DETERMINING UREA AND NONPROTEIN NITROGEN IN BLOOD* 


By Guy E. Younecsure, Pu.D., N. Y. 


N the distillation of the ammonia formed, either in the urea determination 

or in the determination of nonprotein nitrogen after micro-Kjeldahl diges- 
tion, it is not necessary that the delivery tube shall dip into the acid solution 
in the receiver, provided the latter be kept at or below room temperature. 
This is easily accomplished by placing the receiver in a beaker of water. The 
condensation of the water vapor is complete and since only small quantities of 
ammonia (maximum about 1.75 mg. N) are involved there is no loss. Results 
obtained are shown in Tables I and II. 

The procedure followed was that of Folin and Wu in their System of 
Blood Analysis,’ except the following: In the open method the delivery tube 
reached only near (1 to 2 em. above) the surface of the acid solution in the 
receiving tube (200 x 20 mm.) which in turn was placed in a 600 c.c. beaker 
nearly full of tap water. The water submerges the tube about % of its length. 
Since the tube was not to be slipped off from its rubber stopper, which con- 
tains a slit, the total distillation period was, as prescribed by Folin and Wu, 
five minutes. While a shorter and more vigorous distillation period leads to 
no loss of nitrogen, yet it is not preferable from other standpoints. The same 
beaker of water can be used for several determinations but after that the 
water must be renewed. 

A Kober colorimeter was used and the readings are an average of three. 

The results of the open tube method are on the average practically iden- 


*From the Laboratory of Biological Chemistry, Medical Department, University of Buffalo, Buffalo. 
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OPEN DELIVERY TUBES IN DISTILLATION 


TABLE I 


NITROGEN RECOVERY IN MICRODISTILLATION OF AMMONIA USING OPEN AND CLOSED 
RECEIVERS* 








BY OPEN DISTILLATION BY CLOSED DISTILLATION 


| GOLORIMETER 
READING NITROGEN RECOVERED 





———— —e 
DETERMINA- | COLORIMETER | 
TION NO. READING 


NITROGEN RECOVERED 
mg. per cent mm, mg. | per cent 

0.0765 102 20.4 0.0735 98 
0.0735 98 : 0.0757 101 
0.0712 95 20.0 0.0750 100 
0.0727 97 21.7 0.0690 92 
0.0712 95 20.3 0.0735 98 
0.0720 96 20.6 0.0727 97 
0.0742 99 20. 0.0750 100 
0.0727 97 , 0.0735 98 
0.0772 103 9. 0.0765 102 
] 0.0727 97 19.6 0.0765 102 
Av. 0.0735 98 202 | 0.0742 | 99 


sulfate solution 


a> OF Ww be 


oo Mf -1 


*The determinations were made upon 5 c.c. portions of a standard ammonium 
= 0.075 mg. N), in the same way as if blood filtrates. 


TABLE II 


ERMINATION OF UREA NITROGEN IN BLOOD, USING OPEN AND CLOSED RECEIVERS IN THE 
DISTILLATION OF THE AMMONIA FORMED 


“BY OPEN DISTILLATION BY CLOSED DISTILLATION 

DETERMINA- | COLORIMETER NITROGEN COLORIMETER NITROGEN 
TION NO. READING FOUND READING FOUND 
mm. mg. per 100 c.e. mm. mg. per 100 c.e. 
21.6 13.9 21.8 3.7 
21.1 14.2 20.6 14.5 
20.1 14.9 21.1 14.2 
21.3 14.1 21.3 14.1 
21.2 14.1 20.4 14.7 
21.1 14.2 1 21.0 14.3 

Sheep ~ 24.2* 24.7 24.7* 24.3 
Sample A) 


1 
2 
3 
4 
5 





18.4* 326 18.1* 33 
17.9 336 19.1 314 
Sheep : 17.9 336 318 
(Sample A) 18.2 330 A 339 
with added f 18.1 331 ‘ 342 
urea (300 j 18.2 330 a 337 
mg. per 100 18.2 330 J 323 
¢.¢.) 18.0 333 9. 313 
18.2 330 : 330 
10 18.8 319 ; 318 

Av. 18.2 330 4 326 _— 


*An aliquot part of distillate taken for Nesslerization in this series, - 


tieal with those of the closed tube method and the individual determinations 
agree as closely as is to be expected for colorimetric work. Where urea was 
added in order to give the maximum amount which has been found in patho- 
logic blood,? there was no loss of nitrogen. 

While no cheek determinations were made for the estimation of non- 
protein N by distillation with open tube instead of by aeration,’ the process 
of distillation is the same as for urea and further experiments were consid- 


ered superfluous. 
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ADVANTAGE OF OPEN TUBE DISTILLATION 


Kjeldahl distillations in general are known to offer the difficulty that the 
receiver contents are often sucked back into the distilling liquid. In the 
microdeterminations it is extremely annoying and many determinations are 
lost in this way even though the technician be one of the best. Open tube 
distillation overcomes the difficulty. The same feature, however, cannot he 
applied to the macro-Kjeldahl distillation because too large amounts of am- 
monia are involved and more or less nitrogen is lost. 

The writer has found that ordinary paraffin oil should not be used in 
preventing foaming during distillation. While a good grade of oil which was 
only slightly colored was at first employed, a disturbing effect was noted 
to make the final color comparison and when noting ‘he 


when attempting 
nitrogen recovery. A slightly different color effect can usually be observed 
when comparing with the standard. This is due to some small part of the oil 
which distills over, the particles of which cause a slight turbidity which makes 


( —™ 
i 


Groove in 
/ rubber cork 














the color comparison difficult and gives results which are a little low. When 
this effect was noted an especially purified paraffin oil, such as is sold for 
internal use, was employed. Such oil is perfectly colorless and water clear, 
and none distills over. The particular brand employed was the ‘‘ American 
Oil’’ of Parke, Davis & Co. 

The perforated - distillation tube of Watson and White,* as a means to 
prevent foaming, was tried with the hope to omit the paraffin oil. While pre- 
venting foaming to some extent such a tube is not efficient enough to answer 
the purpose. 

Sheep’s blood* was used in the experiments reported because from the 
standpoint of foaming it has given the writer more difficulty than other nor- 
mal bloods and should thus be a more severe test on the methods employed. 


*From five samples of fresh sheep’s blood collected at the slaughterhouse. the urea N foun 


was 18.5 to 24.7 me. per 100 c.c., the average being over 20 mg. This is considerably higher than t! 


an or beef bloods. 





COUNTING CELLS IN CEREBROSPINAL FLUID 
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A SIMPLE METHOD OF COUNTING THE CELLS IN CEREBROSPINAL 
FLUID* 


By Cuas. F. Carter, B.S., M.D., Datuas, Texas 


\ E have used the following method of counting the cells in cerebrospinal 

fluid for about two years and during this time it has given entire satis- 
faction. We selected it because of its simplicity and because the counting 
chamber used was the Levy counting chamber with double Neubauer rulings, 
this being the one in almost universal use for blood counting. The diluting 
fluid is that recommended by Levinson+ (Methyl violet 0.2 gm., glacial acetic 
acid 5 e.ec. and water to make 100 ¢.c.). With a pipette (1 ¢.c.) accurately 
mix equal parts of cerebrospinal fluid and diluting fluid (0.5 ¢.c. of each). 
Adjust cover of counting chamber and with a fine capillary pipette, allow 
preparation to flow over both rulings, using the same precautions as in mak- 
ing a preparation for a blood count. Let settle five minutes for the cells to 
stain and for the preparation to become even. Count all the cells in the four 
corner blocks of sixteen large squares used for counting white blood cells and 
the eentral block of four hundred small squares used for the red blood count. 
Move to the other ruling and repeat the process. The total number of cells 
counted multiplied by two gives the total cells per cubic millimeter. We 
use the high dry lens because the cells are not mistaken for debris and the 
differential count may be performed at the same time. 


WHAT ARE THE ATMOSPHERIC MOISTURE REQUIREMENTS OF 
3ACTERTAY 


By NicHouas Kore torr, P#.D., AND STERNE Morse, M.D., New York City 


7. VERYONE who has oceasion to grow bacteria is familiar with the neces- 
—4 sity of keeping the incubator properly supplied with moisture. A thor- 
ough search of the literature, however, reveals a surprising absence of inves- 
tigations concerning the atmospheric moisture requirements of bacteria. 


*Received for publication, October 15, 1921. 
+Levinson, Cerebrospinal Fluid, C. V. Mosby Co. 
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The majority of text books on bacteriology contain statements to the 
effect that all bacteria require a certain amount of moisture for their develop- 
ment and that the destructive action of drying affects various species differ- 
ently. Beyond the abortive experiments of Wolf! and Weigert,? it has been 
difficult to find any rigidly controlled data which established the minimum, 
optimum and maximum moisture requirements of this group of microor- 
ganisms. 

Obviously the importance of such information would vary with the prob- 
lem under consideration. In order to achieve uniform cultural conditions, 
we were led to devise an incubator which would control the relative humidity 
of the atmosphere as well as temperature. To operate it to the best advan- 
tage it was first necessary to establish the atmospheric moisture requirements 
of bacteria. This paper may be regarded as a preliminary note of these 
investigations now in progress. 

It would be superfluous to describe in detail the various methods devised 
and discarded in an attempt to control the moisture requirements of bacteria. 
Suffice it to say that simplicity, economy and efficiency have been achieved by 
the use of sterile Petri dishes. Instead of the usual arrangement of placing 
a top and bottom together, two tops or two bottoms are joined and sealed 
with adhesive tape (14 inch) around the equator. Agar to support the growing 
culture is placed in the upper dish and solutions of dehydrating agents of 
varying concentrations, yielding a definite vapor tension and relative humidity 
are placed in the lower dish. The procedure is as follows: A layer of 
glucose agar 2 mm. thick (15 ¢.e.) is poured into one dish of each pair. It 
is our custom to add about .002 gm. of Brom Cresol Purple to every 100 c.c. 
of agar as an indicator for the development of acidity. On the hardened 
agar surface is deposited 0.1 ¢.c. of a suspension of the proper dilution (pre- 
viously determined), of the organism used. This yields only a surface growth 
which is essential since variations of growth in the depth of the media are 
more difficult to measure and control. In order to obtain a uniform dis- 
tribution of colonies on the plate a bent glass tube is stroked gently over the 
surface. The plate is then inverted and 35 e.c. of solution of known concen- 
tration glycerine, calcium chloride or sulphuric acid are added to the other 


dish. The two dishes are tightly bound together with adhesive tape and 


incubated at 37.5° C. for 18 hours. 

By means of a Leitz projection photographie apparatus it has been pos- 
sible to obtain a permanent magnified record of the growth under varying 
conditions of moisture. Furthermore, accurate measurement of the individual 
colonies is a part of the routine examination, which is carried out very easily 
and rapidly. 

Some suggestive results have been obtained with B. Coli, Staph. aureus 
and B. subtilis. Saturated calcium chloride (B.P. 132° C.) with and without 
an equal volume of water were compared with water as a control; likewise 
glycerine (sp. gr. 1.258 at 20° C. B.P. 157° C. under a pressure of 205 m.m.) 


in the same proportions. 
In Fig. 1, it will readily be seen that the maximum growth is obtained in 





ATMOSPHERIC MOISTURE REQUIREMENTS OF BACTERIA DOT 


the a humid atmosphere (i.e. where water is present). The minimum growth 
lop- appears in the least humid atmosphere (i.e., where the concentrated calcium 
fer- chloride, yielding a relative humidity of approximately 35-48 per cent, and 
een olyveerine, yielding a relative humidity of 0-55 per cent, acted as strong de- 
um, hydrating agents). The solutions of half strength occupy an intermediate 
or- position, (yielding relative humidities of approximately 75-85 per cent). It 


will, of course, be noted that these experiments were not conducted with 
, oF ; 
aed constant water vapor tensions under the conditions described, for the reason 


that there occurs a progressive dehydration of the medium and dilution of 
the dehydrant. This is obviated in an apparatus now being used and which 
is an adaptation of one described by Orme and Masson and Richards® in 


investigations on the adsorption of water by cotton fiber. 


Fig. 1.—-Plates with B. Coli under varying atmospheric moisture conditions. 


Duplicate plates as follows: 

H»O—water; Sat. CaClp—saturated calcium chloride; % Sat. CaClo—one-half saturated calcium 

ide; Glyc.—concentrated glycerine; % Glyc.—one-half concentrated glycerine. 

In the experiment described it was apparent that the media was sub- 
jected to a very marked drying out where the atmosphere was least humid 
(concentrated ealecium chloride and glycerine) and somewhat less dry where 
half concentrations were employed. The application of this phenomenon 
to the drying out of culture media in test tubes and Petri dishes is obvious. 
By maintaining an incubator at a relative humidity of 10 to 40 per cent 
at 37.5° C.) it was found that the above results obtained with solutions were 
practically duplicated. This means that it is essential to keep sufficient 
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moisture in the atmosphere of the ordinary bacteriologie incubator in order 
to develop characteristic colony formation. 

It is especially interesting in this connection that striking differences in 
colony formation were noted. Where there was sufficient moisture in the 
atmosphere, B. coli gave its usual characteristic growth. (Fig. 2.) However 
on the plates where a dry atmosphere obtained, the colonies were much smaller. 
with very irregular outline and surface. (Figs. 3 and 4.) 

It is our purpose to define more closely the limits for the variations in 











Fig. 2.—B. Coli in humid atmosphere (water) magnified 8% diameters. 


growth of a large number of bacteria when subjected to varying conditions 
of atmospheric moisture and more generally to arrive at the numerical rela- 


tions of the rates of growth of various microorganisms under varying water 
vapor tensions. 

It is also possible to prepare solutions which have fixed tensions of various 
gases such as carbon dioxide, ammonia, hydrogen sulphide, methylamin and 
the like to which cultures may be subjected in a similar manner. Such 
experiments are beyond the scope of the present paper and consequently will 


be reserved for future publication. 
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3.—B. Coli (inoculation identical with Fig. 2) in partially dry atmosphere (one-half saturated cal- 
cium chloride) magnified 8% diameters. 











4.—B. Coli (inoculation identical with Figs. 2 and 3) in dry atmosphere (saturated calcium 
chloride) magnified 8% diameters. 
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SUMMARY 


1. Methods have been devised for controlling the atmospheric moisture 
conditions in the growth of bacteria. 

2. The results thus obtained indicate that bacteria have definite varia- 
tions in rate of multiplication and amount of growth under changing con- 
ditions of moisture. 

3. In order to obtain characteristic colony formation and prevent the 
drying out of media, it is essential that an adequate supply of moisture | 
present in the bacteriologie incubator. 


ve 
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AN ADAPTED MASK FOR BASAL METABOLISM APPARATUS? | 


By Puiuie B. Newcoms, B.S., M.D., Los ANGELES, CALIF. 


XPERIENCE in the use of apparatus of the closed cireuit type for basal 

metabolic determination has proved to many observers that the usual 
mouth piece with nose clamp is the most frequent source of error in results 
and of discomfort and apprehension to the patient. 

It is searcely to be denied that the comfort and cooperation of the patient 
are very potent factors in the correct and successful application of this pro- 
cedure. More especially is this seen to be true when it is considered that the 
individuals in whom the knowledge of the basal metabolic rate is most 
valuable are generally of the neurotic type. With even the best of volitional 
effort upon the part of the patient, false readings are liable to occur from 
irregular or forced respiration, salivation with consequent choking sensation 
and swallowing of oxygen, together with leakage from the angles of the 
mouth. All these elements of potential inaccuracy are intensified whenever 
the person undergoing the test becomes frightened, acutely disecommoded or 
subject to actual pain by the use of the irksome mouth piece and nasal clamp. 
Masks of various types have been used in the effort to obviate such difficulties 
and uncertainties, but some have been open to charge of error from leakage. 
while others are cumbersome and expensive. 

It is the object of this communication to propose the use of a simple, 
easily procurable mask and to outline a ready method of its adaptation to 
the Benedict apparatus. This method has, in the writer’s experience, elimi- 
nated many of the difficulties mentioned, places no tax upon the respiration 


*From the Pacific Wassermann Laboratories, Los Angeles, Calif. 
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MASK FOR BASAL METABOLISM APPARATUS 


and has proved satisfactory in respect to retention of the closed circuit of 
air and oxygen. 

The mask itself is of a standard type in use for the administration of 
nitrous oxide anesthesia, having a pneumatic rim around the lower border, 
which it is usually found preferable to inflate. 

As obtained from the dealer, the acute angle of the egg shaped base of 
the mask points in a direction away from the inlet tube (A) and, if the 
senedict apparatus is used from the side or below the patient’s head, as is 
customarily the ease, the position of this angle should be reversed. Such 
correction can be accomplished by a forcible twist between the celluloid (E) 
and metal (A) portions so that, when the mask is adjusted to the face, the 
smaller angle will rest over the nose and the broader portion upon the lower 
jaw or chin. There is an exhalation valve of the flutter type at (Ff), which 
is closed off by firmly screwing down the milled head at (B), making this 
portion air tight. The inlet tube (A) of the mask is connected with the distal 
arm of the respiration apparatus (D) by means of a piece of strong rubber 
tubing or hose (C) about two inches in length, having an inside diameter of 


seven-eighths inch. If desired, the connection can even be made through the 



























of mask. B, milled head cut out. C, rubber tube connection. D, metal 
pneumatic rim 





Fig. 1.—A, inlet tube 
of respiration apparatus. E, celluloid body of mask. fF, exhalation valve. G, 


agency of the original rubber mouthpiece itself, acting as a tube. This 
flexible connection (C) permits freedom of motion in adjusting the mask, a 
mobility not attainable when the rigid arm alone is employed. When ready 
to perform the test, the mask is applied over the nose and mouth and secured 
by tapes. For this latter purpose, it has been found convenient to use a 
towel or napkin, six to eight inches wide and twelve inches in length, to each 
long or vertical edge of which are attached ten linen tapes about eighteen 
inches in length, or a ‘‘many-tailed’’ bandage can be fashioned of similar 
size from strong muslin and serve a like purpose. The patient’s occiput rests 
upon this towel or bandage placed over the pillow and the tapes are tied to 
those of the opposite side across the mask. A little ingenuity in adjustment 
is required and it is often found preferable to unite several pairs of tapes to 
those diagonally opposite (i.e., upper right hand corner to lower left, ete.), 
in a sort of ‘‘basket weave’’.and to include the central metallic portion of 
the mask with a twist of each tape for added security. The arrangement is 
completed with horizontal union of two pairs of tapes directly over the lower 
and upper extremities of the mask. Leakage, if it should occur, is apt to 
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be from the top portion of the mask at the nasal notch, which contingency 
can, however, be guarded against through the exercise of firm but gentle 
pressure by the assistant upon the mask in this locality. 

For routine work, the device and method outlined have proved of 
distinct advantage and it has been possible thereby to obtain corrected read- 
ings in instances where former results with the mouthpiece and nasal clip 
were obviously not in accord with clinical manifestations, and to overcome 
strenuous objection in persons timorous either by nature or as an outcome of 
previous unpleasant experience with the original breathing appliance. The 
mask and connections are readily amenable to thorough cleansing with soap 
and water and disinfection by germicidal solutions. 





A PLEA FOR THE STANDARDIZATION OF THE TRAINING FOR 
LABORATORY TECHNICIANS* 
By Garnet B. Grant, B.S., M.D., anp Eric R. Witson, M.S., M.D., 
Los ANGELES, CALIF. 


HE article by Dr. Gradwohl, appearing in the August issue of the 


Journal of Laboratory and Clinical Medicine, should find ardent support 
from all those who are interested in this work and particularly those medical 
men operating the so-called commercial laboratories. 

We have long hoped that a move would be set on foot for standardizing 
the training of technical laboratory help, this move fostered by the Educa- 
tional Council of the Am. Med. Assn., and in turn taken up by the various 
state boards, so that laboratory help would come under the jurisdiction of 


the state, very much in the same way as nurses do now. 

The lack of proper training for this branch of work is in our experience 
somewhat appalling. The average so-called technician is, to say the least, 
poorly trained. This last remark we would like to qualify by further stating 
that while some may be very well trained in a few things, and have a good 
knowledge of ordinary routine work, beyond this point the average technician 
is hopelessly lost. A few have a good fundamental training and a smattering 
of how to solve the many difficult problems encountered in the so-called com- 
mercial laboratory. An occasional one, and these are rare, is able to take 
eare of all work and is properly trained in all the branches that are included 
in the technician’s field. 

It has been our sad experience in the past year to have temporarily em- 
ployed, at least, thirty technicians, a good many of them having had of the 
following qualifications: Three to five years of actual laboratory experience. 
This ineluded bacteriology, serology, blood chemistry, ete. Others had been 


So ? 


bacteriologists for small towns in the East and Middle West. Others had 


*Received for: publication, September 19, 1921. 
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M.D. degrees, others B. S. degrees and unfortunately not two per cent of 
this number could properly take care of the work they claimed to be efficient in. 

The following question has been asked of fifty applicants who have ap- 
plied to us for positions, claiming good working knowledge of bacteriology, 
and in no ease has it been properly answered. 

‘“‘How do you differentiate streptococcus from pneumococcus?’’ The 
answers were numerous and varied, but none were answered correctly. 

Very few, if any, had experience in the use of the Polariscope, none had 
ever heard of a polarizing microscope used in the identification of crystals. 
A few were able to do a little blood chemistry, but none seemed to under- 
stand the underlying principles of chemical analyses. It is only the occasional 
one that is able to correctly make up a normal solution. 

The rapid advance of laboratory methods and use of the medical labo- 
ratory in making or aiding in the diagnosis of disease, as well as the impor- 

nt part it plays in preventive medicine and hygiene, make it necessary to 
standardize the training of the laboratory workers. 

We are firmly under the impression that the medical laboratory comes 
strietly within the domain of medicine, or in other words, we consider this 
as far as the directors of laboratories are concerned, and just as we believe 
that the time is close at hand when the so-called lay laboratory will be a 
thing of the past, supplanted by laboratories, the work of which will be super- 
vised by doctors of medicine, who in turn are licentiates to practice medicine 
and surgery in those states in which their laboratories are operated, so in turn 
do we believe that the actual technical help in such laboratories should have 
the proper training and be required to pass a state board examination and 
hecome registered in the state in which they work. 

We fail to see how the proper training of such help can be accomplished 
in less than two years. They should have a good working knowledge of 
organie and inorganic, as well as, physiological chemistry. They should be 
competent bacteriologists, having a good knowledge of protozoology, as well 
as, parasitology, be thoroughly familiar with all routine work, urinalysis, 
blood counts, ete., as well as being familiar with tests that are frequently 
used, but not considered as routine. They should have at least three months’ 
experience in serology and thoroughly familiar with the theory of comple- 
ment-fixation tests, and last, but not least, they should be familiar with basal 
metabolism, as well as blood chemistry. 

Such a course, would eliminate those of weaker mentality, as well as 
keep out those who believe that three to six months’ training is sufficient to 
turn out good technicians, in other words it would create a profession for 


the laboratory worker, as well as doing much towards standardizing the work. 





THE MAKING OF COLLODIUM SACS* 


By NatTHAN MuskINn, M.D., ano Louis SregeL, New York, N. Y. 


HE greatest difficulty in the making of dialysis membranes is the separa- 

tion of the collodium sae from its glass mold. To obviate this difficulty the 
following technic has been successfully used: Place a small collar of paper 
one inch wide in the mouth of the tube before adding the collodium (see cut). 
Then pour the collodium into the tube filling it completely. The collodium 
is then poured back into stock and the tube allowed to dry by hanging upside 
down for a few minutes. The tube is then placed in a 55° C. thermostat (dry- 
ing oven) for one-half hour, or allowed to stand at room temperature for 
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several hours, to allow the collodium to dry. At the end of this time the 
collar is gently pushed in at some point and distilled water poured in be- 
tween the collodium sae and the glass container. As soon as the container is 
full of water the sae can be easily removed. By this method as many as 
twelve bags can be loosened in ten minutes. The paper collar is a very con- 
venient handle for the sae, both in the separation from the glass mold and 
afterward. 


*From the Pathological Laboratory of the Mount Sinai Hospital. 
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EDITORIALS 


Liver Function 

HE liver possesses a large number and considerable variety of functions. 

No other organ probably plays so important a réle in the metabolism of 
such diverse substances as does the liver. Liver cells remove materials from 
the cireulating blood, and after transforming them chemically and biologically, 
either return the altered products immediately to the blood, or excrete them 
with the bile, or store them for a longer or shorter period of time. These cells 
secrete bile, form and hydrolyze glycogen, store fat, form urea from ammonia, 
serve as a temporary storehouse for iron, produce fibrogen, and detoxicate 
what poisonous substances customarily find their way from the intestines into 
the portal circulation. These functions we already know. Presumably there 
are more. Dissociated jaundice in which bile pigment is shunted into the 
blood while bile salts pass, as normally, into the intestines is an excellent 
example of the very delicate functional adjustment of the liver cells. 

There is some evidence suggesting considerable tendency on the part of 
damaged hepatic parenchyma to return to normal. Apparently the cells 
may funetionate well in some of their tasks while being unable to success- 
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fully carry out others. It is not certain that this indicates impairment of 
definite groups of cells as is the case in some other organs, for we have 
been unable to discover as many clearly differentiated types of liver celis 
as there are types of hepatic function. 

Crile emphasizes the fact that the important problems in present day 
abdominal surgery are to be found in the so-called ‘‘bad risk’’ eases, individ- 
uals in whom the margin of safety has been reduced by starvation or infec- 
tion, by the toxins of cancer, by-auto-intoxication, ete. He has stressed the 
importance of exhaustion in predisposing to bad risks, and finds that in all 
types of experimental exhaustion the cells of the liver show pathologic 
changes, such as diminished power of differential staining, edema and 
increased electrical conductivity. He believes that the prognosis is often cor- 
related with the ability or inability of the liver to properly perform its fune- 


tion. Fortunately we are rarely called upon to treat clinical conditions caused 


by total suppression of hepatic function. It is in further study of derangement 
of specialized functions of the organ that we may hope for advancement in our 


present knowledge and methods. 

Rather extensive investigations have been made of the relationship be- 
tween liver function and sugar tolerance. One of the late reports on the 
subject is by Jacobson. He found that after an Eck fistula operation, experi- 
mental animals developed an extremely low tolerance for levulose. Glucose 
tolerance is but slightly modified after such an operation. The production 
of alimentary levulosuria is here regarded as evidence of hepatic insufficiency. 
Galactose has similarly been used as a test of liver function. 

Attempts to quantitate hepatic function by the injection of certain dyes 
as in the dye tests for renal function, have at best been but paritally success- 
ful. The results are, however, suggestive. The phenoltetrachlorphthalein test 
has been rather extensively used, but there are distinct disadvantages such 
as the difficulty of collecting entire specimens of feces, the discomfort caused 
the patient by catharsis, and the wideness of range in percent of excretion 
in individuals with apparently normal livers. The first two disadvantages 
have been eliminated by the use of the duodenal tube. 

Goodpasture described, several years ago, a qualitative test which appears 
to be quite reliable in cirrhosis of the liver but which for some reason is not 
widely known and has not come into general use. He reported four eases of 
atrophie hepatie cirrhosis in each of which sterile specimens of venous blood 
clotted within the normal length of time, but in which the clot redissolved 
completely within a few hours at body temperature. He designated this phe- 
nomenon fibrinolysis. The clotted blood from normal individuals will usually 
remain for several days at body temperature without redissolving. The 
fibrinolysis test for cirrhosis of the liver, patricularly for atrophic. cirrhosis, 
appears to be quite consistently positive. 

Rowntree, Marshall and Chesney have summarized recent knowledge 
regarding liver function in part as follows: Under elinieal conditions a 
phenoltetrachlorphthalein output of less than thirty per cent with the appear- 
ance of the dve in the urine is of unquestionable significance. Low fibrinogen 
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values are frequently but inconstantly encountered in cirrhosis. The determina- 
tion of the lipolytic activity of the blood plasma is of little significance. Good- 
pasture’s fibrinolysis test when positive seems to be of undoubted diagnostic im- 
portanee, indicating cirrhosis of the liver. While theoretically the sugar tests, 
particularly the levulose and galactose tests, should give reliable information in 
functional derangement of the liver, practical experience shows that the 
results are not trustworthy. It is probable that in the metabolism of any 
kind of sugar too many other organs besides the liver play a part. 

The fact that the liver is the chief urea forming organ of the body sug- 
gests that a study of the nitrogen partition of the blood might give informa- 
tion of value. There is no constant change in the percentage of blood urea 
nitrogen, but the amino-acid nitrogen has been found comparatively high in 
a large proportion of clinical cases. The partition of the urinary nitrogen 
vives suggestive but variable information. The ammonia nitrogen and the 
amino-acid nitrogen was definitely increased in most of the cases studied by 
Rowntree and his associates, particularly in cirrhosis. 

Recently Cammidge, Forsyth and Howard have made a further contribu- 
tion to the study. Sugar is normally present in the circulating blood. Its 
amount is determined after removing the blood proteins. If this protein 
free filtrate is hydrolyzed with heat and hydrochloric acid—a procedure which 
would convert starches, dextrins and the higher polysaccharides into glucose 
—-there results little or no increase in the amount of sugar. Therefore in 
normal blood there is little or no higher sugar compound capable of produc- 
ing glucose on hydrolysis. In diseases of the liver or pancreas, however, 
such substances do apparently exist in the blood. The determination of 
blood sugar after hydrolysis gives considerably higher values than before. 
More sugar has been formed. Cammidge and his co-workers choose to eall 
the difference between the ordinary sugar value and the higher value after 
hydrolysis the ‘‘difference value’’ of the blood. Observations on normal 
blood have shown that the difference value is very small and is not appreciably 
influenced by food or by the nature of the diet. In cases of pancreatic disease 
the difference value is high. This is particularly true in the fasting patient. 
If a patient with pancreatic disease is absorbing food, the blood sugar rises. 
The ‘‘difference value’’ then falls, however. In other words, the abnormal 
substance tends to disappear during the digestion and absorption of food. 
As the blood sugar falls to normal again after digestion, the ‘‘ difference 


value’’ again rises. This inverse relationship appears to be characteristic of 


disturbances of pancreatic function. 

In hepatic derangements the difference value curve is again said to be 
characteristic. During fasting it is abnormally high in pancreatic disease, 
while in liver insufficiency it is at this time within normal limits. Here again 
the blood sugar rises after a meal, and after about three hours gradually 
falls to the normal level. The difference value rises likewise but continues 
to inerease for several hours independent of the later fall in sugar concentra- 
tion, until a level which may be ten or twelve times the highest normal limit 
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There is no constant relationship to the blood sugar such as 


is reached. 
was found in pancreatic disease. 
The hypotheses suggested by Cammidge and his associates in explanation 


Urine curves show similar changes. 


of the eurves are complicated and presuppose a complex hormonic inter- 
relationship between the liver and the pancreas. There is also considerable 
discussion of reactions of the higher polysaccharides which at present is 
purely theoretieal. Here again so many organs of the body play a part in 
sugar metabolism that conclusions must be accepted with considerable cau- 
tion. However, if the curves of difference value are found to be characterstic 
in liver disease, the test will be of assistanee even though the explanation he 
questioned. <A distinet advantage of the method lies in the fact that it can 
be carried out entirely with specimens of blood and urine. 

Determination of the appearance time of phenoltetrachlorphthalein in 
the duodenum by means of the duodenal tube, first reported in detail by 
Aaron, Beck and Schneider, is without doubt a distinet advance, but this 
method possesses two distinct disadvantages. First, the percent of excre- 
tion cannot be determined, and second, disease within the biliary tract may 
delay the appearance time, thereby vitiating the results. 

The same eriticism applies to the recent work of Hatiéganu who follows 
a similar procedure, using indigo-carmin in place of phenoltetrachlorphthalein. 

Aub and Means have sought a possible variation in the specific dynamic 
action of protein in liver disease by determination of the basal metabolism 
after a high protein meal, but the results were within normal limits. They 
were led to the conclusion that the liver is either not an important regu- 
lator of the metabolie rate, or is adequate for this purpose even when severely 
diseased. 

Widal, Abrami and Ianeoveseo in an investigation of the functional 
efficiency of the liver from the point of view of protein metabolism have 
evolved a very simple test. Their work is based upon two assumed facts 
During normal digestion of protein, intermediary products of digestion such 
as the albumoses are absorbed into the portal circulation together with the 
amino acid end products. The liver removes these poisonous substances from 
the blood thereby preventing entrance into the systemic circulation where 
their presence would otherwise produce anaphylactic manifestations. It is 
this ability to remove or destroy the poisonous substances absorbed during 
protein digestion which the authors would measure. 

The intravenous injection of peptone produces a rapid blood crisis char- 
acterized by leucopenia, fall in blood pressure and decrease in the clotting 
time of the blood. These authors claim to produce similar changes after 
shunting the blood past the liver by an Eck fistula type of operation, provided 
the experimental animal is at the time digesting protein food. The same 
operation in a fasting animal produces no such blood-vaseular reaction. Similar 
reactions were obtained by intravenous injection of blood aspirated from the 
portal vein. The normal liver removes these poisonous substances from the 
portal blood. In hepatie insufficiency, the passing through into the systemic 
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circulation of such substances causes blood reactions similar to that from 
peptone. 

The test as carried out is very simple. The blood pressure, white count 
and elotting time are each recorded two or three times at twenty minute 
intervals on the fasting patient to determine the normal. The patient is then 
allowed to drink 200 grams of milk. The examinations are then continued 
at the same intervals. In the normal individual there is little change. The 
white count either remains normal or an actual leucocytosis develops. The 
blood pressure shows little change or even rises. In liver insufficiency on 
the other hand, a rapid fall in white count occurs which usually reaches a 
minimum at the end of an hour. The blood pressure may fall ten or twenty 
millimeters. The clotting time becomes reduced. The most constant finding 
and the only one for which search is made in routine examinations is leuco- 
penia. The cell count often falls to less than half the original figure. 

Lactose or butter fat ingested will not produce this reaction, but 8 grams 
of casein, the amount present in 200 grams of milk, will do so provided the 
liver is diseased. 

By this test the authors have shown mild liver damage following anaes- 
thetization by chloroform or ether, following arsphenamine administration 
and in ehronie alcoholism. 

The method appeals because of ease in determination and because of the 
apparently logical interpretation, in terms of existing knowledge and theories. 
Certain drawbacks must be considered. The authors obtain a similar reaction 
in diabeties after the administration of glucose. This reminds us that there 
are many possible causes for leucopenia and that such a reaction in and of 
itself is not specific. Moreover they report positive reactions in rather large 
percentages of cases of pneumonia, tuberculosis, acute and chronie appen- 
dicitis, typhoid and paratyphoid fever, nephritis with increased blood urea 
nitrogen, and other diseases. Their interpretation is that in these diseases 
there is often mild, clinically latent hepatie insufficiency. Granted that 
this explanation is the correct one and that the reaction is entirely specific 
for liver functional changes, we must conclude that the extreme delicaey of 
the test is somewhat of a drawback to its usefulness. On the other hand this 


very sensitiveness would make it extremely valuable as a preoperative routine 
in eases where surgical shock is to be feared or where anaesthetization will 


he prolonged. 

Delprat and Whipple state that the ideal liver functional test would con- 
sist in the introduction intravenously of some non-toxie substanee which 
would test by a synthetic demand the functional reserve of the liver (abnormal 
normal). The produet formed by this synthesis should be obtainable from 
the blood rather than from the urine, as renal abnormality would not confuse 
the issue. They report a series of investigations of sodium benzoate and the 
rate of its synthesis into hippurie acid, but reach no definite conclusions re- 
varding the relative importance of the liver in this synthesis. 

The preceding review emphasizes the knowledge that by no one test ean 
we hope to measure the funetional capacity of the hepatic parenchyma. The 
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number and variety of functions performed necessitates the development of 
methods which will measure the efficiency of representative functions in the 
various fields. As Delprat and Whipple have said, in the ideal test possible 
confusion due to renal or biliary tract abnormality must be eliminated, pref- 
erably by carrying out the tests on blood alone. But they overlook the 
importance of the oral administration of test substances to ascertain those 
functions playing a part in the digestive process. The dye tests for elimina- 
tion, the fibrinolysis test, the ‘‘ difference value’’ tests, the reaction to ingested 
protein are all of importance. They are all measurements of entirely different 
functions of the same organ. In each at the present time too many extraneous 
variables obscure the results. We may confidently expect in the near future 
suggestions for the study of yet other functions of this versatile organ. It 
is highly desirable that all of these leads be followed with a view to sim- 
plification and to correlation. 
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The Pathogenicity of B. Botulinus 


W* have been uncertain as to whether botulism results exclusively from 
an intoxication or may be due also to an infection. Several investigators 


have tried inoculating animals with spores freed from the toxin. It is gen- 
erally believed, and this belief has been recently confirmed by Dickson, that 
the toxin is never fermed within the animal body. This is supposed to be due 
to the fact that B. botulinus has its optimum growth at from 24° to 28° C. and 
that it will not form a toxin at the temperature of the human body, 37.5° C. 
Shippen found that the spores of a strain with which he worked were not 
pathogenie to rabbits when administrated by the mouth or subcutaneously. 
Similar results were obtained by Thom, Edmondson, and Giltner, who inocu- 
lated animals with spores freed from toxin by washing or by heating. In the 
Canton, Ohio, case, attention was called to the fact that it is exceedingly dif- 
ficult to wash away all the toxin from the spores. More recently, Thom and 
colleagues report that they have succeeded in producing botulism in guinea 
pigs by feeding massive doses of spores freed from toxin. 

Armstrong, Story and Seott obtained only negative results when they 
endeavored to induce the disease in animals by inoculation with toxin-free 





EDITORIALS yg | 


spores. Some time ago Orr, working with a Nevin strain, produced symptoms 
of botulism in guinea pigs by feeding or injecting toxin-free spores. More 
recently, Orr* has confirmed his former findings, and states his conclusions as 
follows: ‘‘The optimum temperature for growth and elaboration of toxin by 
B. botulinus is that of the body temperature, 37° C. B. botulinus can be 
recovered from the internal organs of animals which have been fed or in- 
jected with toxie cultures and also with toxin-free spores of this organism. 
B. botulinus under certain conditions, will grow and produce toxin in the 
body of the guinea pig. Experimental botulism can be produced in laboratory 
animals by the feeding or injection of massive quantities of toxin-free spores 
of B. botulinus. The presence of toxin produced in the body as a result of 
growth of toxin-free spores can be demonstrated by the precipitin test as 
well as by direct toxicity tests. Botulism poisoning in man due to the inges- 
tion of spores is probably very rare, if it oceurs at all. The possibility of 


such occurrence must, however, be considered. 
—V.C. V. 





Cod Liver Oil in Rickets 


\ HILE the discussion concerning experimental rickets continues to be 


marked by diversity of opinion, all those engaged in this work appar- 
ently agree that cod liver oil is of the greatest service both in the prevention 
and in the eure of this disease. Mellanby has been the strongest and most 
persistent advocate of the theory that fat-soluble vitamin A is par excellence 
the antirachitie constituent of food. That fats do play an important part in 
the normal nutrition of cartilage and bone there seems to be no doubt. Paton 
has quite satisfied himself by experiments on dogs that exercise is an impor- 
tant, if not an essential, factor in preventing rachitie conditions. The discov- 
erer of riekets, so to speak, Glisson, who wrote in the seventeenth century, 
was quite convinced that sunlight has much to do with the prevention of 
rickets, and this idea has recently received experimental confirmation at the 
hands of several reliable observers. Ever since Glisson called attention to 
the condition of malnutrition of bone and cartilage, which we now designate 
as rickets, cod liver oil has been used in its treatment. Every now and then 
during these centuries some one ridicules the use of this medicinal agent, and 
in one or two instances experiments have apparently proved it to be worth- 
less, but we always come back to the idea that cod liver oil is of value and, 
indeed, of greater value than any other fat in the treatment of rickets. 

Recently, MeCollum and colleagues,’ studying experimental rickets at the 
Johns Hopkins School of Hygiene, made the following statement: ‘‘On a 
diet such as we have employed, young rats are much better nourished, when 
supplied with one per cent of cod liver oil than with ten to twenty per cent of 


*Jour. Infect. Dis., 1922, xxx, 118. 
1Jour. Biol. Chem., 1922, 1, 6. 
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butter fat, as is shown by better growth, fertility, success in rearing young, 
and in length of life. This is true, notwithstanding that three per cent of 
butter fat is ample for providing the animals with sufficient fat-soluble A and 
any other organic substance exerting a special effect on the bones, when the 
content of calcium in the diet is raised to approximately half the optimal. 
The provision of nearly seven times this amount does not exert much pro- 
tection to the animals against the specific detrimental effect of lack of calcium 
when the content of the diet in this element is from one-fifteenth to one-fifth 
or sixth the optimal amount. One per cent of cod liver oil, on the other hand, 
seems to increase in a very remarkable manner the effectiveness with which 
the anatomic elements of the body tissues deal with a very low calcium sup- 
ply. Our results indicate that there is no progressive benefit to the animals 
brought about by the exhibition of greater and greater amounts of butter fat. 
This would indicate that the effects are not proportional to the amount of 
this fat which is included in the diet. Furthermore, it appears that one to 
two per cent of cod liver oil supplies as much of the substance which exerts 
a peculiar influence on bone growth as the animals can profit by, even when 
the ealeium supply is very low indeed. An extensive experience in feeding 
diets of the type here described has failed to reveal any evidence that a rat 
is benefited by the inclusion of more than five per cent of butter fat when the 
ealeium and phosphorus are normal. It is further shown from the experi- 
mental data recorded in the charts that as the calcium content of the diet is 
increased the differences between the effects of butter fat and cod liver oil 
tend to disappear, and vanish completely or nearly so when the content of 
calcium reaches as much as one-half or more of the optimal amount. The 
results of this series of experiments were so consistent and decisive that we 
ean deduce no other conelusion than that cod liver oil contains in abundance 
some substanee which is present in butter fat in but very slight amounts, and 
which exerts a direct influence on the bone development and enables animals 
to develop with an inadequate supply of caleium much better than they could 
otherwise do. This substance is apparently distinet from fat-soluble A, which 
is essential for growth and which is associated definitely with the prevention 
of ophthalmia (keratomalacia).’’ 

MeCollum assures us that he and his colleagues are continuing investiga- 
tions along these lines and that they hope in the near future to be able to tell 
us what constituent of cod liver oil is so effective in bone nutrition when the 
amount of ealeium supplied in the food is dangerously low. 











